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Cell-line of rodent malaria parasite, Plasmodium 
berghei (NK-65 strain), was maintained in white albino mice 
(Hissar Strain, India). This parasite strain upon 
inoculation caused 100 percent mortality in white albino 
mice. The percent parasitemia reached up to 80 percent or 
more. Infected mice were examined every day on Leishman 
stained blood films for maintaining a record on percent 
parasitemia. For isolation of P. berghei parasite, the 
blood was collected from the heart in tubes containing 
A.CD. as an anticoagulant. The leucocytes and platelets 
were removed by washing the infected blood with chilled 
saline. The leucocytes were also removed by passing the 
infected blood through column packed with oC- cellulose and 
microcrystalline cellulose at a flow rate of 18 ml/hour. 
The parasitized erythrocytes thus obtained were lysed by 
saponin. This suspension was washed three times with 
chilled normal saline at 4,000 rpm for 30 minutes for 
removing host RBC fragments. The parasites obtained after 
lysis of erythrocytes were purified by means of density 
gradient centrifugation on Histopaque. The purity of 
isolated parasite preparation was checked microscopically. 
There were no host cell contaminants in Leishman stained 
smears prepared from the isolated parasite material. For 
antigen preparation, isolated parasites were disrupted by 
(S 
ultrasonication at 9 KHz for 6 minutes. This preparation 
was centrifuged at 10,000 rpm for 1 hour, the supernatant 
thus obtained was used as antigen in these investigations. 
The antigen preparation appeared to be free from 
host cell material, since anti-normal erythrocyte serum did 
not show any antigen-antibody reaction with this 
preparation in immunodiffusion tests and counter-
immuno-electrophoresis. Similarly, mouse erythrocyte 
extracts were found non-reactive with anti £. berghei serum 
in immunodiffusion and counterimmuno-electrophoresis. The 
two RBC extracts reacted only with their homologous 
antisera. Notwithstanding the sensitivity limits of the 
the tests used for the detection of host cell contaminants, 
it was assumed that isolated antigen preparations were 
comparatively pure. The protein concentration of such 
antigen extract was estimated as 3.8 mg/ml. 
Some serological tests were also performed. For 
example, the indirect haemaggiutination test was employed 
to detect antibody level in antinormal mouse erythrocyte 
serum and in anti. P. berghei - serum. Antigenicity of £. 
berghei antigen was checked by indirect fluorescent 
antibody (IFA) test against immune sera obtained from 
infected mice. 
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The saline soluble antigen was also subjected to 
SDS-polyacrylamide gel - electrophoresis for fractionation. 
It was found that antigen extracts resolved into eleven 
different proteins in the molecular weight range of 12,000 
to 1,50,000 dalton on slab gel. Some protein fractions 
eluted from the gel slab showed considerable antigenicity 
againt £. berghei specific hyperimmune rat sera in 
immunodiffusion test. 
Further work towards isolation and immune 
characterization of P. berghei soluble antigen and its 
various fractions, using other techniques is underway. 
M 
I I M X R O D U C T I OIM 
1. Historical Review 
Malaria, a disease of man and other vertebrates 
is caused by protozoan parasites of the genus Plasmodium. 
The parasites are effectively transmitted by mosquitos. 
Four species of Plasmodium, namely P^ falciparum, P. vivax, 
P. ovale and P. malariae are known to cause malaria in 
man. Malaria is not only common in humans but also occurs 
in reptiles, birds, rodents and monkeys. 
Historically, the description in Edwin Smith's 
surgical Papyrus, 1600 B.C. (Breasted, 1930) associated 
malaria with contaminated air, Papyrus Ebers, 1550 B.C. 
(Garnham, 1966) . The symptoms of malaria initially 
described were : fever, rigour and splenomegaly. But 
Hippocrates was actually the first person to keenly observe 
the symptoms of malaria and describe them more precisely. 
He also described the accompanying chills, sweating, 
periodicity and a few other characterstic features of 
various forms of malaria besides fever, rigour and 
splenomegaly (Boyd, 1949). There are reports indicating 
that malaria was present in many countries including China, 
Egypt, Arab and some parts of Europe since ancient times 
(Boyd, 1949). As for Americas, some workers are of the 
view that malaria was not present during pre-columbian era 
(Boyd, 1949; Dunn, 1965 and Coatney et al. , 1971), while 
the findings of Sulzer et al. (1975 ) suggest that P_^  vivax 
and P_^ malariae were present in North American 
sub-continent even before the discovery of New World by 
Columbus. 
The first successful treatment of malaria came in 
the middle of the seventeenth century with the introduction 
of the bark of Peruvian tree. In 1820, Pelletier and 
Caventon succeeded in extracting two alkaloids from the 
bark, which were named quinine and chinchonine (Scott, 
1939), out of which quinine was found more effective 
anti-malarial agent. 
It was only due to the recent technological 
advances in pathology, hematology, microbiology and 
parasitology, along with the availability of better 
microscopes, that brought malaria more into the realm of 
research. 
The pigmented appearence of brain and spleen of 
patients who had died of malaria fever has been known since 
the eighteenth century. But it was Meckel (1847) who for 
the first time observed black granules, embedded in 
protoplasmic masses, in the red blood cells of a severely 
ill, malarious patient. Laveran too had noticed such 
pigment granules in the erythrocytes of malarious persons. 
In 1880 he had also observed exflagellation of parasites 
which he later described in 1884. The parasites in which 
these stages were observed are now known as P_^  falciparum 
(Kaverania falcipara). At about the same time, Gerhardt 
(1884) proved that malaria could be induced in healthy 
persons by the inoculation of blood from malarious 
patients. These studies and those on morphological aspects 
of blood schizogony by Marchiafara and Celli (1884), with 
subsequent observations on fertilization of macrogametes by 
finally dispelled the myth 
malaria. Meanwhile, the 
a microgamete (MacCallum, 1897), 
of a miasmatic origin of 
introduction by Romanowsky (1891) of a stain permitting 
differential staining of blood cells, parasite cytoplasm 
and the enclosed chromatin granules greatly facilitated the 
study of these blood parasites. 
The association between mosquitoes and malaria 
was long suspected, even before the concept of the 
miasmatic origin of malaria. Several Roman writers were 
not certain of such an association which received added 
attention of later investigators like, Burton (1856) and 
King (1883). Although the above workers were all inclined 
to consider mosquitoes as carriers of marsh miasma, but 
they were rather sceptical to accept that the mosquitoes 
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carried the causative agents and that they were actively 
involved in the development of the disease. Based on his 
experiences with Coccidia and recognizing their biological 
similarity to malaria parasites, Pfeiffer (1892) in the 
last century was the first person to suggest that parasite 
undergoes an exogenous cycle in the body of a blood sucking 
insect. This view was shared by Manson (1894), who 
suggested that mosquitoes were the host only for malarial 
parasites extrinsic development but did not, at that 
stage, consider the likelihood of parasites returning to 
man through mosquito. Stimulated by Hanson's theory, Ross 
in India tried to investigate the developmental cycle of 
malarial parasite in various mosquito species. 
2. Life cycle and Morphology 
Malaria parasites undergo a complex life cycle 
alternating between vertebrate and arthropod hosts. The 
sporozoites, when inoculated through bite by infected 
mosquitoes reach into the blood circulation of the 
vertebrate host. The parasites leave the capillary lumen 
and enter the host cells, either in hepatocytes as in 
mammalian Plasmodia, or in reticulo-endothelial cells as in 
avian Plasmodia. Sporozoites are slender, sickle shaped 
and about 11-12 um in length. The approximate time in 
which they vanish from the circulating blood is about 30 
5". 
minutes following inoculation (Fairley, 1945). 
Sporozoite's entry into the cells results in a drastic 
morphological change in the parasite. The parasites now 
appear round or oval and contain a chromatin nucleus 
surrounded by cytoplasm. After completion of nuclear 
divisions, the cytoplasm segregates and merozoites are 
formed, each having a single nucleus surrounded by 
cytoplasm. The host cell by now ruptures releasing 
merozoites in the blood stream (Garnham, 1966). The number 
of merozoites produced by one exoerythrocytic schizont is 
approximately 2000-30,000, with an average size of around 
45-60 um. The merozoites on reaching blood circulation 
invade erythrocytes and transform themselves into signet 
ring stage. The apical region of merozoites is involved in 
the invasion of the erythrocytes (Aikawa et al, 1978). The 
erythrocyte membrane invaginates to form a parasitomorphous 
vacuole in which the young trophozoites grow. Hemoglobin 
is ingested by the cytoplasm to produce typical malaria 
pigment (hemozoin). During this process, the parasite 
grows, nuclear material undergoes several divisions to form 
fully differentiated merozoites. This mature schizont 
bursts, liberating individual merozoites. The duration of 
one blood schizogony cycle is usually 24, 48 or 72 hours. 
Upon invading a new erythrocyte, the merozoite can initiate 
a fresh blood cycle. Schizogony cycle leads to the 
development of macrogametocytes and microgametocytes. The 
early gametocyte stages have solid appearance, a smaller 
vacuole and less ameboid activity. When taken up by 
suitable arthropod, the gametocytes transform into mature 
gametes by a process of exflagellation in the stomach of 
mosquito. The exflagellated microgametes move actively 
towards macrogametes and invade them to form a zygote. 
The zygote elongates to form an ookinete (Sinden, 1975). 
The ookinete is actively motile (Speer et al, 1975). It 
travels through the intestinal epithelium of the mosquito 
host and comes to rest beneath the basal lamina where it 
develops to form an oocyst. The oocyst asexually 
multiplies to form thousands of sporozoites. The 
sporozoites emerge from the oocyst into the hemolymph 
(Sinden, 1975). The sporozoites which are elongated, 
fusiform and highly motile migrate to the salivary glands 
of an infected mosquito from where they are able to reach 
the vertebrate host with the next bite. 
3. Host Parasite Relationship 
There are many factors which affect the 
susceptibility of host to malaria parasite. These factors 
include several host- parasite interactions such as : 
immunity, genetic factors, age, diet, nutritional status of 
host, exposure to mosquito bites, etc. 
Younger animals are more susceptible to malarial 
infections. Absence of P-aminobenzoic acid in the host 
diet renders it more resistant to infection. The presence 
or absence of immune system, or the organs responsible for 
it, affect the course of infection. For example, the 
absence of spleen can convert a resistant host into a 
susceptible one (Garnham, 1970). Malaria parasites also 
have a remarkable capacity to survive for long periods in 
clinically immune hosts. Other such factors include, 
intracellular location of parasites, antigenic variation 
and the effect of malaria in modifying host immune 
responsiveness. 
The red cell membrane also plays an important 
central role in growth and propagation of malarial parasite 
in the blood. it carries parasite specific receptor sites 
on its surface, as also it allows parasites to derive from 
the host blood plasma the essential metabolites that are 
necessary for intracellular development and growth of the 
parasite. Gupta, 1988 has reported, that an alteration in 
the red cell membrane occurs during malarial infection. A 
primary requirement for blood stage infectivity is the 
presence of specific red cell receptors for merozoites 
attachment (Butcher et al., 1973). In case of P_^  knowlesi 
and P^ vivax, this receptor is associated with Duffy blood 
group determinants (Manson et al., 1977). 
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Several intraerythrocytic factors also influence 
parasite development and contribute to innate resistance. 
Amongst these are structural modifications in haemoglobin 
(especially Hbs), quantitative changes in haemoglobin chain 
synthesis (thalassemia). Glucose 6-Phosphate dehydrogenase 
deficiency and levels of ATP. The inhibitory effect of 
sickle cell haemoglobin upon £. falciparum has also been 
observed by Friedman (1979). 
4. Rodent Malaria Parasite - Plasmodium berghei 
Rodent malaria provides a very convenient and 
suitable model for the study of human malaria. The 
discovery of Pla smodium berghei, led to the establishment 
of a new species of malaria parasite in rodents. The new 
species was described by Vincke and Lips in (1948). 
Subsequent to its discovery, P. berghei has rapidly become 
a very valuable experimental model for research in 
parasitology, immunology, biochemistry and chemotherapy of 
malaria. 
In most strains of mice and young rate, P. 
berghei runs a fulminating and fatal course of infection 
(Carter and Diggs, 1977). In blood induced infection, 
parasitemia may reach upto 80-90% within 5-6 days. In most 
resistant strains of mice and in adult rats, the course of 
3. 
infection is entirely different. The age of the host is 
often important, in determining the susceptibility of an 
animal. Adult rats (more than 7 & 8 week old) are normally 
seen to survive P. berghei infection (Singer et al., 1955). 
Similarly, adult rabbits are refractory to infection with 
P. berghei but new born rabbits develop parasitemia which 
may go as high as 5 percent (Garnham, 1966). 
The adult rats which normally develop a low grade 
parasitemia can be induced to develop a fulminating 
parasitemia following intraperitoneal infection of 
phenylhydrazine (Kreier et al., 1976). 
5. Isolation of Malarial Antigen 
The malaria parasite is a complex eucaryotic 
organism. The isolation of malarial parasite in its pure 
form is rather difficult task because of intra-cellular 
nature of the parasite. The parasite material is usually 
contaminated by host erythrocytic material. In order to 
harvest intracellular parasites, it is necessary to disrupt 
the host cell and achieve separation of parasites from the 
hosr cell constituents by causing minimal damage to the 
parasite. 
A most economical and convenient source of 
parasitized erythrocytes for laboratory study, is the blood 
0^ 
of rodents infected with one of various rodent Plasmodia. 
5.1 Preparation of Parasitized Erythrocytes 
Blood collected from infected animals, or humans 
which is to be used for harvesting Plasmodia, may be 
subjected to certain preliminary treatments to remove 
unwanted blood components, and to increase proportion of 
parasitized erythrocytes. An integral part of such 
treatment is the removal of plasma by centrifugation and 
washing. The buffy coat may be removed from the packed red 
cell mass, after centrifugation, for reducing the number of 
platelets and leucocytes (Zuckerman et al, 1967). 
Leucocytes are also removed after releasing the parasites 
from infected erythrocytes. This is done by filtration 
through a millipore filter of 5 um pore size (Brown et al. 
1966). Leucocytes may be removed by suspending the washed 
blood cells in several volumes of dextran solution and 
allowing the mixture to sediment in graduated cylinder. 
The leucocytes which remain in suspension are then 
discarded (Zuckerman et al. 1967; Langer et al. 1967). 
Sedimentation velocity centrifugation of washed 
blood layered .on a 10% dextran solution ( MW 500,000 ) has 
also been employed for removal of leucocytes ( Levy and 
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Chow, 1973). Leucocytes may be removed by sedimentation 
velocity centrifugation on a sucrose gradient of specific 
gravity ranging from 1.055 to 1.096. On centrifugation, 
the specific gravity of leucocytes increases and this 
results in greatly enhanced sedimentation compared to 
erythrocytes (Williamson and Cover, 1966). Wallach and 
Conley .(1977) used a Ficoll-hypaque solution, density 1.08 
gm/ml, in a one step gradient for removing leucocytes from 
P. jcnowlesi infected blood. Leucocytes can also be removed 
by centrifugjpl elutriation (Mc - Ewen et al., 1971). 
As early as 1926, Alexander Fleming introduced 
filtration through cotton wool as a means for removal of 
leucocytes from blood. The passage of the diluted blood 
through a column of filter paper powder was also used for 
removing leucocytes ( Homewood and Neame, 1976). 
Leucocytes may be removed by passing whole blood through a 
column, made up of mixture of equal amount of SE Cellulose 
and Sephadex G-,25 (Nakao, Nakayama and Kankura, 1973). 
The passage of whole blood through a column made up of 
equal parts, by weight, of cellulose and microcrystalline 
cellulose provides anefficient means for removal of all the 
leucocytes and most of the platelets from blood (Beutler et 
al., 1976). Russmann et al. , (1982) used elutriator rotor 
\l 
technique for removal of leucocytes. By this method they 
obtained erythrocytes completely free from leucocyte 
contamination. 
5.2 Release of Parasite from Parasitized Erythrocytes 
The isolation of malarial parasites is one of the 
most crucial step in conducting biochemical and immunologi-
cal research. Various physical, chemical and immunological 
methods are in use to release the parasites from infected 
erythrocytes (Bamberger and Kreier, 1980). 
Coggeshall and Eaton (1938), Mayer and 
Heidelberger (1946) Stein and Desowitz (1964), Chavin 
(1966) and Pewny (1978) have isolated malaria antigen by 
hypotonic lysis of infected erythrocytes. The antigen is 
generally found contaminated with erythrocyte material. 
Christopher and Fulton (1939) introduced the use 
of saponin for lysing erythrocytes. In attempts to ensure 
proper preservation of parasites during saponin lysis, 
various workers have introduced some modifications (Spira 
and Zuckerman, 1962; Zuckerman et al., 1967). A few of the 
modifications used are : the decreasing of the incubation 
time and temperature (Jerusalem, 1969; Van Dyke et al. , 
1977; Siddiqui et al., 1978) and the addition of glucose to 
lytic solution (Van Dyke et al., 1977; Siddiqui et al., 
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1978b). Siddiqui et al. (1978b) showed that saponin was 
the most effective substance for hemolysis and for the 
removal of membrane proteins. Martin et al.. (1971) and 
Prior et al . (1973) used 0.83% ammonium chloride solution 
buffered to pH 7.4 with 0.17 M tris buffer to release 
Plasmodia from the host cell. Haemolytic antiserum along 
with complement has been used by various workers for the 
isolation of parasites from infected erythrocytes (Bowman 
et al., 1960; Langer et al., 1967; Trigg et al., 1975). 
Coleman et al. (1979) have used heat stable 
hemolysin produced by Pseudomonas aeruginosa for lysis of 
P. berqhei infected erythrocytes. Verain and Verain (1956) 
used ultrasound to disrupt the red cells but it was found 
to cause damage to the parasites (Prior and Kreier, 1977). 
This problem was resolved by development of continuous flow 
system (frior and Kreier, 1972 a,b). 
Decompression of the infected erythrocyte under 
controlled conditions in a French pressure cell was 
developed by D' Antonio et al. (1966 a,b). Mc Alister and 
Gordon (1977) and Chow and Kreier (1972) described a 
procedure which involved the extrusion by hand pressure of 
10% suspension of parasitized erythrocytes through a 
syringe fitted with a 27 guage needle or through a filter 
14-. 
membrane of 3.5 um pore size. Heidrich et al. (1982) have 
used a new approach for the disruption of parasitized 
erythrocytes. Recently, Bruno et al., (1987) used two 
marker enzymes, acetyl choline esterase and CDP-Choline for 
isolating intra-erythrocytic malarial parasites. 
5.3 Separation of Freed Parasites from Host Erythrocytes 
and Erythrocyte Debris 
Heidrich et al. (1979) have described the 
usefulness of free flow electrophoresis for separating 
parasites from host erythrocyte fragments. Similarly, 
differential and density gradient centrifugation have been 
used for purifying parasite preparation by Prior and Kreier 
(1972 a) and Eisen (1977). Siddiqui et al . (1978 a,b) 
employed a three step gradient, prepared from 37, 23 and 
10% sucrose solution with low speed centrifugation for 
obtaining freed P. falciparum parasites. The parasites 
were found concentrated within the 10% sucrose layer of 
gradient. The discontinuous gradient technique has also 
been used for recovery of sporozoites from mosquitoes by 
Goldie et al. (1987) . 
The Histopaque density gradient yields a 
comparatively more defined product (Kumar and Ahmad, 1983) 
than those described earlier by Prior and Kreier (1972 a), 
Eisen (1977) and Heidrich et al . (1979). 
1^. 
In the present study parasite preparations were 
purified using density gradient centrifugation on 
Histopaque solution. 
5.4. Disruption of Parasite 
The isolation of antigen involves the disruption 
of collected parasites and separation of soluble material 
from the cell debris. A great variety of techniques have 
been applied. These include lysis by distilled water (Cook 
et al., 1971), use of triton X-100 (Sherman et al., 1975), 
freezing and thawing (Sherman , 1964), sonication (Sodeman 
and Meuwissen, 1966; Todorovic et al., 1968), treatment with 
French pressure cell (D' Antonio et al., 1966; D' 
Antonio,1972) or Huge press (Spira and Zuckerman, 1962) and 
by homogenization (Corradetti et al., 1966; Jerusalem, 
1971). 
6. Characterization of Antigen 
Soluble extract of plasmodial organisms usually 
consists of a complex of potentially antigenic components. 
Various procedures have been used for fractionating 
antigens. These antigen fractions have been tested in 
double immunodiffusion; immunoelectro-phoresis and ELISA, 
for identification of plasmodial extracts. The various 
procedures used for fractionation of antigen are 
analytical ultracentrifugation, sucrose density gradient 
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ultracentrifugation, gel filtration on Sephadex G-lOO and 
G-200, ion-exchange chromatography on DEAE cellulose or on 
CM-cellulose and, block electrophoresis with starch, or 
with Pevikan - Gehon (chavin, 1966). But none of the above 
procedures provides a really suitable method for 
fractionation of plasmodial antigens. Ion-exchange 
chromatography yields upto three fractions while other 
procedures yield only one fraction. Mannweiler and 
Oelerich (1969) fractionated the extracts obtained by prior 
freezing and thawing of saponin-released P_^  berghei by 
gel-filtration and preparative PAGE. The antigenic 
activity of different fractions has also been checked in 
double immunodiffusion tests, (Bamberger and Zuckerman^ 
1976). 
Studies on simian Plasmodia (Bamberger and 
Zuckerman, 1976; Deans et al., 1978) have provided 
important information on the antigenic composition of 
malarial parasites. 
The soluble extracts of primates, rodent and 
avian plasmadia resolved into a number of potentially 
antigenic components on PAGE. (Chavin, 1966; Sodeman and 
Meuwissen, 1966; Kreier et al., 1976; Grothaus and Kreier, 
1980) . 
\^. 
For human Plasmodia, Pj_ faciparum antigens have 
been most extensively studied. The antigens (P. 
falciparum) were obtained by direct lysis of parasitized 
erythrocytes. In these studies antisera from human 
patients were used, for such analysis. Gabrielsen et al. 
(1983) characterized the exoantigens derived from medium 
which was used to culture Pj_ falciparum. Santiyanont and 
Wilairat (1983) also carried out the identification and 
localization of P_^  falciparum antigens. 
Attempts were also made to characterize the major 
RNA species from P_^  falciparum (Vezza and Trager, 1981) by 
means of polyacrylamide electrophoresis. 
Schmidt-Ullrich (1983) characterized the 
protective antigen of £. knowlesi in the membrane of 
schizont infected rhesus erythrocytes. 
Sodium dodecyl sulphate polyacrylamidegel 
electrophoresis (SDS-PAGE) is one of the most important 
method for fractionating soluble extracts of Plasmodia. 
The principle of this technique is based on the presence of 
a number of polypeptide chains and their varying molecular 
weights respectively. Grothaus et al . (1984) who used 
SDS-PAGE for fractionation of P. berghei have found a 
number of potentially antigenic components, which may be 
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important in the induction of immunity. Kumar and Ahmad 
(1984); also used a similar technique for fractionation of 
P^ berqhei soluble extracts. They isolated, on SDS-PAGE, 
10 fractions in the molecular weight range between 7,000 to 
40,000. Antigenic analysis of Plasmodium knowlesi using 
electro-phoretic technique (Singh et al., 1986) was found 
helpful in identifying protective antigens, as well as 
those antigens which were important in the serodiagnosis of 
human malaria. Characterization of £. cha baudi antigen 
present on the membrane of RBC infected with ring stage 
parasites was also carried out (Wunderlich et al., 1987). 
7. Malaria Vaccine 
Inspite of intensive efforts made to eradicate 
malaria, the disease remains a major health hazard in many 
tropical and subtropical countries (WHO report, 1985). The 
total number of reported cases of acute clinical malaria 
are in the order of 90-100 million per annum in the world. 
These figures only partially represent the true picture. 
The current resurgence of the disease in Asia, Africa and 
Central America is increasingly a source of great alarm. 
In our own country, hundreds of people died of this dreaded 
parasitic disease in Assam, Gujrat and elsewhere. For a 
brief period in early 1960's, it appeared that malaria 
might soon be brought under control. Extensive spraying of 
DDT greatly helped in reducing anopheline mosquito 
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population, while effective chemotherapeutic measures were 
equally successful in controlling the disease. A few novel 
drugs such as Choloroquine and Mefloquine were successfully 
used for treating the patients. But ten years later with 
the resurgence of malaria, the situation was entirely 
different. 
The repertoire of tools and methods available for 
malaria control did not keep pace with increasing complexity 
of the disease over the past three decades. Widespread 
resistance of anopheline vector to insecticides and the 
availability of chloroquine resistant malarial parasites in 
various regions of the world including India are some of the 
major considerations in the control of malaria (Khan et al., 
1985). 
Current Approaches to Malaria Vaccine Development 
In view of the precarious situation of malaria 
control, it seems obvious that neither insecticides nor 
antimalarial drugs are sufficient to control the vectors and 
parasites. In view of the above, the research activity 
aimed at developing some alternate method for an 
immunological control of malaria was suddenly accelerated in 
recent years. The production of malaria vaccine will 
require the identification, characterization and the use of 
ZD. 
those antigens which effectively stimulate the protective 
response of the host against & homologous parasite species. 
Protective immunity is directed principally at extracellular 
forms of parasite, the sporo2oite, the merozoite and the 
gamete. Currently, major efforts are directed towards 
purifying the protective antigens, and for synthesizing 
those antigens by a combination of recombiant DNA technology 
and protein chemistry. 
The development of hybridoma technique by Kholer 
and Milstein (1975) for the production of sensitive 
monoclonal antibodies has certainly made this a practical 
possibility. Presently, three types of vaccines are under 
investigation, the sporozoite vaccine, the blood stage 
vaccine and the gametocyte vaccine. 
7.1 Sporozoite Vaccine 
Protection against malaria infection has been 
obtained by vaccination of rodent, simian and human subjects 
with irradiated sporozoites (Cochrane et al,, 1980; 
Nussenzweig and Nussenzweig, 1983). The main protective 
antigen for sporozoites are concentrated on its surface. 
The circumsporozoite protein has been described in a number 
of Plasmodium species including P. falciparum (Dame et al., 
1984) _P^ Vivax (Arnot et al. , 1985), P. knowlesi, P. 
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cvnomolqi, P. berghei and P. yoelli. Considerable progress 
has been made in the study of protective antigens using _?_' 
berghei, the murine malaria parasite. The surface of fully 
differentiated sporozoites of P. berghei is covered 
uniformly by a major species-specific immunodominant, 
membrane protein, Pb 44, which helps in the penetration of 
sporozoite into liver cells. The corresponding purified 
monoclonal antibody (3D 11) to Pb 44 protein completely 
protects mice against sporozoite induced infection 
(Nussenzweig and Nussenzweig, 1984). 
The most promising achievement with regard to the 
development of a sporozoite vaccine was gene cloning of P. 
)tnowlesi antigen in Escherichia coli and yeast, 
Saccharomyces cerevisiae. This was done by extracting the 
messenger RNA encoding circumsporozoite protein from 
infected mosquito through conversion by reverse transcriptase 
into C-DNA. The fragments of C-DNA were inserted into 
bacterial plasmids which were then introduced into a E. coli 
cell. The bacterial clones excreted peptides binding to the 
monoclonal antibodies against CS proteins of P. knowlesi 
(Sharma and Godson, 1985; Sharma et al., 1986). Moreover, 
the peptide corresponding to the relevant sequence of P. 
knowlesi was synthesized and coupled to a protein carrier 
with an adjuvanr and injected into the animals. Such 
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inoculations induced the synthesis of antipeptide antibodies 
which neutralized the infective sporozoites. 
The circumsporozoite protein gene for £. falciparum 
has been recently cloned in E_^  coli (Young et al., 1985). 
The peptides synthesized were shown to share common antigens 
with original circumsporozoite protein (Bruce chwatt, 1986; 
Heidrich, 1986). 
The first synthetic peptide tested in man was safe 
and stimulated biologically active antibodies (Herrington et 
al., 1987; Perlman, 1987). Perlman et al. (1988) have 
selected immunogen and carried out epitope mapping. 
7.2 Asexual Erythrocyte Stage Vaccine 
The asexual erythrocytic stage vaccines are 
expected to induce immunity by restricting the replication 
of asexual blood stage parasites, without necessarily 
inducing sterile immunity. But consequentially. it is 
expected to reduce the morbidity and mortality due to 
malaria. 
The main target of this vaccine would be free 
circulating merozoites in the blood and infected 
erythrocytes. Immunization using blood stage antigens 
derived from avian, rodent and human malaria parasites can 
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induce effective protection in the appropiate host. &ut the 
degree of protection varies, depending on the nature of 
antigen and the form in which it is administrated (Taylor 
and Siddiqui, 1982). Irradiated parasitized erythrocytes 
have been extensively utilized as experimental immunogen. 
Some success was also achieved with rodent malaria (Wellde 
and Sadun, 1967). Irradiated erythrocytes infected with P. 
falciparum were used to vaccinate owl monkeys (Wellde et 
al., 1979). These studies showed that a certain degree of 
protection could be obtained without using adjuvants, and 
that four immunizing doses were required to achieve 
significant immunity. Studies by Mitchell et al . (1975) 
demonstrated that merozoites are more effective immunogens 
than other erythrocytic stage s. These studies showed, for 
the first time, that a 100 percent survival rate could be 
achieved in rhesus monkeys immunized against F_^ knowlesi. 
Erythrocytic merozoites are anatomically and 
biochemically complex, their surface is covered by a number 
of polypeptides of different molecular weight (Dean et al., 
1984). Inhibitory antibodies bound to antigens are 
distributed over the entire merozoite surface. All the 
antigens having protective activity were exclusively found 
in merozoites or schizonts or both (Cohen, 1985). A 
monoclonal antibody against a 140 kd merozoite surface 
antigen of P_^  knowlesi was used to characterize and purify 
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this antigen. The purified 140 kd antigen was used in 
Freund's adjuvant to immunize rhesus monkeys (David et al. , 
1985) . 
Monoclonal antibody characterization of the 195 kd 
major surface glycoprotein of P. falciparum schizont and 
merozoite has also been carried out (Lyon et al., 1987). 
Successful cloning of P_^  falciparum blood stage 
antigens into E. coli through plasmodial C-DNA has also been 
achieved (Bruce-Chwatt, 1986). 
7.3 Gametocyte Vaccine 
Vaccination with parasite preparations containing 
.exflagellated microgametes has been shown to inhibit sexual 
reproduction of Plasmodia in a avian and simian malaria 
(Gwadz and Green, 1978), as. also in rodent malaria 
(Mendis and Targett, 1981). 
The isolation of gametes for vaccine production 
cannot be envisaged as a practical procedure and this 
difficulty drew attentioii of workers towards identification 
and isolation of protective gamete antigens. Continuous in 
vitro cultivation of P_^  falciparum (Trager and Jensen, 1976) 
has provided great impetus for achieving the above goal. 
Several proteins have been isolated from the surface of 
micro-gametes and zygotes. So far, microgametes appear to 
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contain only three proteins in the range of My 230,000; 
210 000 and 55,000. Antibody to microgametes was found to 
block transmission. 
All the protective vaccines, targeted at different 
stages of life cycle of malaria parasite, have their own 
advantages and disadvantages. Yet the expectations, at the 
moment, for developing a successful malaria vaccine are 
quite high. Malaria vaccine is not 'around the corner', but 
at the same time the prospect of its development is not too 
far out of sight, either. More recently, construction of 
immunogen for synthetic malaria vaccine by genetic 
engineering has also been successfully carried out (Lise et 
al., 1988). 
A I M S f^NID O B J E C - r S 
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The present study was aimed to isolate and immune 
characterize P.berghei antigen and its fractions. For 
studying the antigenicity of P.berghei, antigenic extracts 
were prepared and their immunological reactivity determined 
by employing various appropriate laboratory procedures. 
The techniques employed included double immunodiffusion, 
counterimmuno'electrophoresis, indirect haemagglutination., 
and indirect fluorescent antibody tests. Immune 
characterization of P. berghei antigenic fractions was 
further carried out by means of agar diffusion method. 
The experimental details of the study were as follows : 
(1) £. berghei (NK-65 Strain) was maintained in white 
albino mice (Hissar Strain, India). 
(2) Infected mice were checked daily for maintaining a 
record on parasitemia. 
(3) The parasitized blood for the isolation of P. berghei 
antigen was collected in ACD. 
(4) The leucocytes were removed by slow speed 
centrifugation and by passing the infected blood through a 
column packed with oC-cellulose and microcrystalline 
cellulose. 
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(5) The purification of parasites was carried out by 
passing it through Histopaque following saponin lysis of 
infected RBC. 
(6) For antigen isolation, the parasites were disrupted by 
ultrasonication. 
(7) Purity of P. berghei antigen preparation was detected 
by immunological absorption against normal mouse RBC 
antisera. 
(8) Antibody levels were detected in indirect 
haemagglutination tests against antimouse erythrocyte 
serum and anti £. berghei serum. 
(9) The antigenicity of P. berghei antigen was also 
chekced by means of IFA tests. 
(10) The fractionation and characterization of P. berghei 
antigen was carried out on gel slab apparatus by using 
sodium dodecyl polyacrylamide gel electrophoresis 
(SDS-PAGE). 
(11) The immunogenicity of P. berghei antigen fractions was 
checked by immunodiffusion tests using hyperimmune rat 
sera. 
zs. 
(12) Animal immunizations are presently underway for 
further testing the immunogenicity of P. berghei antigen 
and its isolated fractions by employing various tests such 
as IHA, ELISA, etc. 
M f t T E R I A I _ S 
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1. Animals 
Healthy, male white rabbits, abino rats and 
albino mice (Hissar Strain, India) were purchased from M/s 
Laboaids, Meerut. 
2. Cell Line 
P. berghei (NK-65 strain) infected mice were 
obtained from the Central Drug Research Institute (CDRI), 
Lucknow, India. 
3. Anticoagulants 
Acid citrate dextrose was obtained from Blood 
Bank, J.N. Medical College, Aligarh while the other 
anticoagulant, sodium citrate, was purchased from sarabhai 
Merck Limited, India. 
4. Preservative 
Sodium azide was purchased from Hiedel Germany. 
5. Carbohydrates 
Oi(J-Cellulose and Microcrystalline Cellulose (Mean 
size, 50 microns, Sigma cell 50) and agarose were purchased 
from Sigma Chemical Company, U.S.A. Agar was purchased from 
Merck, Germany. 
6. Density Gradient Centrifuoation Medium 
Histopaque was purchased from Sigma Chemical 
Company, U.S.A. 
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7. Stain and Dyes 
Leishman Stain and Coomassie Blue {R-250) and 
Bromophenol Blue were purchased from Sigma Chemical Company, 
as.A. 
8. Conjugate 
FITC anti-mouse IgG was purchased from Sigma 
Chemical Company, U.S.A. 
9. Capillaries and Dialysis Tubing 
Dailysis tubing and capillaries were purchased 
from Arthur H. Thomas Company, U.S.A. 
10. Chemicals 
Analytical grade sodium phosphate (dibasic), 
potassium phosphate (Monobasic), sodium chloride, sodium 
hydroxide, sodium barbitone, sodium citrate, sodium 
carbonate, sodium bicarbonate, sorbitol, ferric chloride 
and magnesium chloride were purchased from Sarabhai, M. 
Chemical, India. 
The reagents purchased from S. Merck (India) 
were: methanol, ethanol, glycerol, disodium hydrogen 
phosphate, potassium dihydrogen phosphate and 
sodium oxalate. 
Hydrochloric acid, sulphuric acid, chloroform, 
acetic acid glacial, iso-propanol, ammonium persulphate, 
perchloric acid, acetaldehyde, N' , N',-methylene 
3\. 
bisacrylamide (bis), glycine, sodium do-decyl sulphate, 
Tris-(hydroxy methyl) amino methane (Tris), 
sodium-potassium tartarate, copper sulphate, sodium 
tetraborate, potassium hydrogen phthalate and barbituric 
acid were purchased from BDH (India). 
Throughout these studies, double distilled water 
in glass, was used for the experiments. Aseptic conditions 
were maintained whenever necessary. 
M E T H O D S 
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1. Maintenance of Plasmodium berghei 
The rodent malaria parasite, P. berghei (NK-65; 
strain), was maintained and allowed to multiply, in vivo,-
using albino mice as the animal model. About 2 x 10 P. 
berghei infected erythrocytes (in ACD) were inoculated in 
mice through intraperitoneal route. On 8th day after 
inoculation, the mice were sacrificed and the blood 
collected directly from the heart in acid citrate dextrose. 
A small aliquot of the infected blood sample was inoculated 
into fresh mice, while rest was pooled for antigen 
isolation. The cell line was, therefore, maintained by 
serial inoculation of parasitized erythrocytes. 
1.1 Counting of Percent Parasitemia 
The inoculated animals were continuously 
monitored for the presence of parasitized red cells through 
smears made from the tail tip of mice. The blood films 
were examined daily for estimating the levels of 
parasitemia. These slides were stained with Leishman. 
1.2 Preparation of Leishman Stain 
The Leishman stain solution was prepared by 
dipping 150 mg of Leishman stain powder wrapped in a small 
piece of cotton in 100 ml of methanol for 24 hours at 37°C. 
The dried blood films were fixed in methanol for 4 minutes 
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and the slides were later allowed to dry. For staining the 
smears, equal volume of Leishman stain and 0.01 M phosphate 
buffer, pH 7.2 were mixed and then layered on fixed, dried 
blood films. The slides were left for 30 minutes and then 
washed with 0.01 M phosphate buffer, pH 7.2. 
Parasitized erythrocytes were counted under 
microscope (Zeiss, Amplival) in oil immersion. 
2. Antigen Preparation 
The preparation of P. berghei antigen was carried 
out in several steps detailed below : 
2.1 Preparation of Parasitized Erythrocytes 
Removal of leucocytes, buffy coat and platelets from the 
infected blood was carried out by two methods. 
(a) The infected blood was washed several times with 
chilled normal saline. 
When parasitemia was about 60-80% on 8th day 
after inoculation, the blood was collected directly from 
the heart in acid citrate dextrose (anticoagulant). The 
pooled cells were washed by centrifugation in chilled 
normal saline (pH 7.2) at 1500 rpm for 20 minutes at 4°C. 
The buffy coat containing leucocytes and plasma platelets 
was discarded and the sediment essentially consisting of 
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normal and parasitized erythrocytes pooled. The pooled 
blood was further washed four times by centrifugation at 
1500 rpm for 20 minutes at 4 C. 
(b) Leucocyte Removal by Passing the Whole Infected Blood 
Throogn„COlunm--
Leucocytes were also removed by passing whole 
blood through a column packed with o^ -cellulose and 
microcrystalline cellulose (Mean size; 50 microns; Sigma 
Cell 50) (Beutler et al., 1976). This was done within 7 
days after the collection of blood. 
(i) Swelling of the Cellulose 
Equal amounts (by weight) of OC*-cellulose and 
microcrystalline cellulose were suspended in excess of 
0.154 M Nacl. This suspension was kept overnight at room 
temperature. 
(ii) Packing of Column 
Column was made in a 5 ml sterile plastic 
syringe. The syringe was clamped in vertical position in a 
stand. Inner diameter of the syringe was 1.26 cm. The 
slurry was poured in the column with a glass rod. When 
cellulose particles were settled, a pressure was applied 
for homogeneous packing. A column of 2 ml was found quite 
adequate. 
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(iii) Loading and Elution of the Column 
One ml of acid citrate dextrose treated blood was 
applied on a 2 ml column and eluted with 2 ml of saline. 
The flow rate was maintained at 18 ml/hr. 
2.2 Lysis of Parasitized Erythrocytes with Saponin 
After removal of leucocytes from infected blood, 
the washed erythrocytes were collected and subjected to 
saponin induced lysis for 30 minutes with equal volume of 
0.02% saponin in normal saline with continuous stirring in 
an ice bath. The lysate was centrifuged at 4000 rpm for 1 
hour at 4°C. The supernatant was discarded, while the 
pellet was again washed 3-4 times with chilled normal 
saline for removing the erythrocyte debris. After final 
washing, the pellet containing malaria parasites was 
suspended in chilled 0.25 M sucrose solution. 
2.3 Purification of Parasite 
This was carried out on Histopaque purchased from 
Sigma Chemical Company. Histopaque is an aqueous solution 
having a density of 1.077 + 0.001. It contained 5.7 gm of 
Ficoll 400 and 9 gm of diatrizoate sodium per 100 ml. 
Histopaque was dispensed in a centrifuge tube. 
An equal volume of the impure parasite suspension was 
layered on it. This was centrifuged at 400 g for 30 
minutes in a Remi K-25 model centrifuge. 
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2.4 Purity of Parasite Obtained from the Interface 
The purity of parasite preparations obtained 
after density gradient centrifugation was checked 
microscopically. The parasite smears were dyed with 
Leishman stain. The examination procedure was the same as 
used for blood smears. The slides were seen under an oil 
immersion objective of the microscope. 
2.5 Preparation of Soluble Antigen 
The parasite suspension was subjected to 
ultrasonication for the disruption of parasites. The 
ultrasonication was performed in 3 pulses, for a total of 6 
minutes in a 50 watt, 9 Kc magnetostriction oscillator. 
The suspension thus obtained was centrifuged at 10,000 rpm 
for 1 hour at 4 C. The supernatant was collected and used 
as soluble P. berghei antigen. 
3. Protein Estimation 
Protein estimations were carried out according to 
the method of Lowry et al,. (1951) using bovine serum 
albumin as the standard. The intensity of the colour was 
neasured at 700 nm using Bausch and Lomb Spectronic-21 
SP ectrophotometer. 
Folin-phenol reagent was prepared by the method 
of Folin and Ciocalteu (1927). To a flat bottom flask of 2 
%f-
litre capacity was added a mixture of 100 gms of sodium 
tungstate, 25 gms of sodium molybdate, 50 ml of 85% 
orthophosphoric acid, 100 ml of concentrated hydrochloric 
acid and 700 ml of water. This flask was fitted with a 
water condenser and wrapped in black paper. The mixture 
was refluxed for 10 hours. Then 150 gms of lithium 
sulphate, 50 ml of water and one ml of liquid bromine were 
added to the mixture and the latter were boiled for 30 
minutes to remove excess bromine. After cooling, the 
bright yellow coloured reagent was diluted with water to 1 
litre volume, filtered and stored in amber coloured bottle. 
Copper reagent was prepared by mixing 4% sodium 
carbonate 2% sodium potassium tartrate and 2% copper 
sulphate in the ratio of 100 : 1 : 1 (V/V/V). 
The volume of protein sample was brought up to 
1.0 ml by- the addition of appropriate buffer. To the 
protein samples,5 ml of freshly prepared copper reagent 
was added. After incubating for 10 minutes at room 
temperature, 1 ml of the 1:4 (V/V) diluted Folin-phenol 
reagent was added. The colour intensity was measured at a 
wave-length of 700 nm, after 30 minutes of incubation at 
room temperature. 
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Measurement of pH 
All pH measurements were made on an Elico EI-10 
pH meter. Sodium tetraborate (0.1 M, pH 9.18) and 
potassium hydrogen phalate (0.05 M, pH 4.0) solutions were 
used as standard buffer solution to calibrate the pH meter. 
Spectrophotometric Measurements 
Spectrophotometric measurements in the 
ultra-violet and visible range were carried out on a Bausch 
and Lomb Spectronic-21 spectrophotometer. All these 
measurements were carried out at room temperature. 
4. Antibody Production 
4.1 Production of normal Mouse RBCs Antibodies 
Blood was collected from normal healthy mice in 
ACD anticoagulant. Washing of this blood was done three 
times with normal saline (pH 7.2) and the washed RBCs 
resuspended in normal saline. Complete lysis of the RBCs 
accomplished by extrusion of a 10% suspension of 
erythrocyte through a syringe fitted with a 27 gauge needle 
(Chow and Kreier, 1972). 
(i) Immunization of Rabbits Against Mouse RBC 
The mouse RBC samples were inoculated into 
rabbits through intravenous injections. 
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Male healthy rabbits were immunized against whole 
mouse RBC antigen preparation. The first four injections 
containing 0.2 ml of the above antigen were given 
intravenously on day 1st, 2nd, 3rd and 4th. The 5th, 6th 
and 7th injections consisting of a similar dose were given 
on day 6th, 8th and 10th. After a rest period of two days, 
the 8th, 9th and 10th injections of 0.3 ml were given 
intravenously on days 13, 15 and 17. The blood was drawn 
at weekly intervals from heart, for checking antibody 
activity and the sequential appearance of immunoglobulins 
in weekly sera samples. The immunization schedule followed 
during the course of these investigations is given in 
Table 1. 
(ii) Collection of Antiserum 
After completing the entire course of 
immunization, small samples of blood were initially 
withdrawn for detecting antibody activity. Animals showing 
a good antibody response were used for obtaining blood from 
the heart. 
4.2 Immunization of Mice Against P^ berghei 
P. berghei antiserum was raised by giving 9 to 12 
repeated injections of soluble P. berghei antigen into 8 
healthy mice, intraperitoneally, at an interval of ten 
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days after the last injections. 
4.3 Antibody Detection 
The IHA test was performed for the detection of 
antibodies in serum samples obtained from immunized 
rabbits against NME (normal mouse erythrocyte) extracts^ 
serum obtained after immunization of mice against P. 
berqhei soluble extracts. 
Indirect Haemagglutination Test 
The indirect haemagglutination (IHA) test was 
performed according to the method of Mathews et al. (1975) 
with some modifications. 
Sheep '0' erythrocytes (ORBC) were washed 4 times 
with isotonic buffered saline, pH 7.2. After final 
washing, a 3% (V/V) suspension of ORBC was prepared in 
isotonic phosphate buffer saline, pH 7.2. This suspension 
was mixed with an equal volume of 1/20,000 tannic acid and 
incubated at 4 C for 30 minutes with intermittent shaking. 
Tanned ORBC were collected by centrifugation and washed 3 
times with phosphate buffered saline, pH 7,2, containing 
0.5% bovine serum albumin to achieve a final concentration 
of 3% (V/V). A 3% suspension of tanned ORBC was mixed with 
an equal volume of antigen at appropriate dilution and 
incubated at 37 C for 30 minutes with intermittent shaking 
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for antigen coating. The antigen coated ORBC were 
collected by centrifugation and then washed 3-4 times with 
phosphate buffered saline, pH 7.2, containing 0.5% bovin 
serum albumin. Finally, a 1.5% (V/V) suspension of antigen 
coated ORBC was prepared for use in the tests. 
To each well of the 'U' bottomed mirotitre plate, 
an 0.025 ml sample of serially diluted antiserum was added 
alongwith an equal volume of antigen coated ORBC 
suspension. The plates, were sealed with transparent gummed 
tape and gently shaken for 5 minutes at room temperature. 
The plates were incubated at room temperature in humid 
chambers for 1 hour and then kept overnight at 4 C. The 
highest dilution of the test serum giving a positive carpet 
like pattern was recorded as the titration end point. 
This test was repeated weekly for detecting the 
antinormal mouse RBC antibodies raised in rabbit against 
normal mouse erythrocytes. 
5. Purity of Antigen Preparation 
The purity of parasite antigen preparation was 




This test was performed according to the 
published procedure of ouchterlony (1949). Agarose was 
dissolved in 0.05 M veronal buffer, pH 8.6, containing 
0.02% sodium azide. The concentration of agarose was 
0.8%. The melted agarose was poured on glass slides to 
form approximately 1.5 mm thick layer of uniform thickness. 
The slides were left undisturbed, allowing the gel to 
solidify. The wells were punched in the solidified gel. 
The central and peripheral wells were filled with 
antiserum and antigen at appropriate dilutions. The test 
slides were kept for 4 hours at room temperature in a moist 
chamber and subsequently at 4 C for 72 hours. The 
precipitin bands were visible either before staining, or 
after staining with Coomassie brilliant blue/Aminoschwartz. 
(b) Counter immuno electrophoresis 
This test was performed according to the method 
of Bjerrum and Bog Hansen (1976). The method of slide 
preparation for CIE was the same as for immunodiffusion. 
On agarose coated slides, a set of wells was cut with a 2 
mm punch. The centre to centre distance between the wells 
was 5 mm. 
The cathodal wells were filled with the antigen, 
while the anodal wells were loaded with antiserum. 
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Electrophoresis was performed for about 40-50 minutes. The 
slides were then incubated overnight at 4 C in a moist 
chamber. Photographs were taken either before or after 
staining with Coomassie brillant blue or Aminoschwarts. 
6 Checking the Antigenicity of Parasite Antigen 
The antigenicity of the isolated antigen samples 
was checked in IFA tests against posj.tive mice serum 
samples obtained from £. berghei infected mice (W.H.O., 
1974). 
(i) Preparation of Antigen Smears 
Thin coverslip films were prepared from the 
isolated antigen containing schizonts. Coverslips were 
fixed for 10 minutes in cold acetone, placed in covered 
containers and stored at -20 C until ready for use. When 
ready to use, the slides were allowed to reach room 
temperature. The slides were numbered on the back and the 
area of approximately 1 cm diameter outlined where cells 
were evenly distributed. 
(ii) Immunofluorescence Staining Procedure 
Appropriate serum dilutions were made using PBS 
(pH, 7.2). About 0.02 ml diluted serum was added to a 
circled area on each coverslip. The slides were incubated 
in a moist chamber for 30 minutes at room temperature. The 
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coverslips were gently washed thrice with PBS for 5 
minutes each. Excess PBS was poured off and the slides 
were dried with tissue paper. An optimum dilution of the 
chosen antiglobulin conjugate was applied to antigen spots 
and the slides incubated in a humid chamber for 30 minutes. 
The slides were washed as described earlier. The 
coverslips were mounted on the slides using 0.01% of 50% 
glycerol in PBS. Two control slides were also prepared by 
placing a drop of PBS buffer on one slide and positive 
antiserum on the other. The stained slides were examined 
immediately using a fluorescent microscope (Olympus Co. 
Ltd., Japan). 
7. Fractionation of P. berghei Soluble Extract by SDS-
Polyacryl amide gel electrophoresis 
Sodium do-decyl sulphate polyacrylamide gel 
electrophoresis was carried out by the method of Laemmli 
(1973) with some modifications. 
(a) Preparation of Solutions 
The stock solutions were prepared and stored at 
4 C in brown glass bottles. 
(i) Acrylamide-bisacrylamide (30:0.8) 
This solution was prepared by dissolving 30 g of 
acrylamide and 0.8 g bisacrylamide in a total volume of 100 
ml distilled water. The solution was filtered through 
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Whatman No.l filtre paper. 
(ii) Stacking gel buffer 
Tris-HCl (pH-6.8) was prepared by dissolving 6.0 
g tris and 2 ml 20% (W/V) SDS in 100 ml distilled water. 
The pH of the solution was adjusted at 6.8 with 6 N HCl. 
(iii) Resolving gel buffer 
Tris-Hcl (pH-8.8) was prepared by dissolving 36.3 
g tris and 2 ml 20% (W/V) SDS in 100 ml distilled water. 
The pH was adjusted with 6 N HCl. 
(iv) Reservoir buffer 
Tris-glycine (pH-8.3) was prepared by dissolving 
3 g tris, 14.4 g glycine and 1 ml 20% (W/V) SDS in 1 litre 
distilled water. The pH of this solution was adjusted at 
8.3 by using HCl. 
(v) SDS 
20% (W/V) SDS was prepared in distilled water. 
(vi) TEMED 
(vii) Sample solublizing buffer 
This buffer solution was prepared by dissolving 
2.5 ml reservoir buffer, 2.5 ml of 20% (W/V) SDS, 2 ml 
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glycerol, .1 ml EDTA (0.1 M in water) and 11.4 ml distilled 
water. 
(viii) Staining buffer 
About 0.2% (W/V) Coomassie blue R-250 was 
dissolved in 25% methanol and 10% glacial acetic acid in 
distilled water (V/V/V). 
(ix) Destainer 
The destainer used in this study contained 25% 
isopropanol alcohol and 10% acetic acid in distilled water 
(V/V/V). 
(b) Working Solutions 
These solutions were made on the day of settingup 
the experiments. 
Ammonium per sulphate solution : 
About .15 g ammonium per sulphate solution was freshly 
prepared in 10 ml distilled water. 
(i) Composition of separating gel 10% gel 
Acrylamide solution 13.33 ml. 
Resolving gel buffer 5.00 ml. 
Double distilled water 19.266 ml. 
Ammonium per sulphate 2 ml. 
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TEMED 0.02 ml 
(ii) Composition of stacking gel 4% gel 
The solution was prepared as follows 
Acrylamide solution 1.3 ml 
Stacking gel buffer 2.6 ml 
Double distilled water 6.026 ml 
Ammonium per sulphate 0.53 ml 
TEMED 0.01 ml 
(iii)Composition of sample buffer 
Sample solublizing buffer 1.85 ml 
B-mercaptoethanol 0.05 ml 
1% W/V Bromophenol blue 0.1 ml 
(c) Preparation of sample 
The' antigen sample was adjusted to a 
concentration of about 1 mg protein/ml in the sample 
buffer. 
(d) Running procedure 
The gel slab v/as prepared between two glass 
plates (Studier, 1973) of 14 x 18 x .3 cm. The second 
glass plate was used, with a notch, 2 cm deep and 14 cm 
long. The two plates were placed together with the help of 
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three 1.5 mm wide plexiglass spacers between them along the 
two sides and along the bottom edge. The thickness of gel 
was determined by the thickness of spacers. The two glass 
plates were clanped together using ordinary fold back clips 
and made liquid-tight by running melted 1.5% agar around 
the outside edges. 
The acrylamide solution was poured between the 
plates to a level of about 2 cm from the notch, and 
overlayered with water. The plates were left undisturbed, 
while the gel was allowed to polymerize for 1 hour. After 
polymerization of gel, the water layer was removed and the 
stacking gel solution poured between glass plates; the comb 
was inserted immediately. Again glass plates were left as 
such for about 50-60 minutes. After polymerization of 
stacking gel, the bottom plexiglass spacer was removed and 
the unit attached to the electrophoresis apparatus. The 
attachment was such that the notch in the glass plate was 
close enough and lined up with the notch on the upper 
buffer chamber. Electrode buffer (0.025 M Tris, 0.0192 M 
glycine, 20% SDS) was then placed in the lower buffer 
chamber to cover 3-4 cm of the bottom edge of gel. 
Sufficiently adequate volume of running buffer was then 
placed in the upper chamber to flow across the notch. The 
comb was then removed, and wells filled with running 
buffer. Samples (containing 10-15% glycerol) were then 
applied with the help of a micropipette . About 100 ul 
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samples were applied on the wells. The marker proteins 
used were BSA (monomer) ovalbumin, cytochrome^ carbonic-
anhydrase and phosphorylase. The electro-phoresis was 
carried out at 100 volts, 20 mA/gel slab for 6 hours. 
(e) Gel fixing, staining and destaining 
After electrophoresis, the gel slab was kept in 
the fixer for 60 minutes. The staining was carried out by 
keeping the gel slab immersed for 30 minutes in the 
staining solution. The destaining of gel was carried out 
in the solution containing isopropanol, glacial acetic acid 
and distilled water. 
8. Molelcular Weight Determination 
The migration distance of the tracing dye and of 
the blue protein zones from the top of the gel were 
recorded. Final gel was stored in the destaining solution. 
The relative mobility (R^) of protein was 
determined by dividing its migration distance of the top of 
the gel to the centre of protein band by migration distance 
of bromophenol blue tracing dye from the top of the gel. 
R^ _ Distance of protein migration 
Distance of tracing dye migration. 
The R^ values ( as abscissa) were plotted against 
known molecular weight (coordinate on semi-logarithmic 
graph).. The molecular weight of unknown proteins were 
estimated with the help of a calibration curve. 
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9. Antigenicity of Different Protein Fractions 
Using immunodiffusion the various protein 
fractions obtained after SDS-PAGE were tested for their 
antigenicity against P. berghei hyper immune ratsera. 
Hyperimmune sera were raised by giving 9 to 12 repeated, 
intraperitoneal, injections of viable parasites into 
recovered rats at an interval of 10 days. Each inoculum 
7 
contained about 6 x 10 parasitized rat erythrocytes. The 
blood for separating antiserum from immunized animals was 
collected ten days after the last injection. 
R E S U L - T - S 
^Z-
1. Maintenance of Cell Line 
The £. berghei organisms were obtained from 
infected red blood cells using mouse as an animal model. 
The examination of blood smears from infected animals 
revealed that parasites started to appear in blood 
circulation usually on post inoculation day 3, following 
an intraperitoneal inoculation of 10 parasitized 
erythrocytes. The parasitemia reached upto maximum level 
of more than 80 percent on post inoculation day 8 (Figure 
1, figure 2). 
The animals usually died after reaching a 
parasitemic level of about 80 percent or more. The £. 
berghei (strain, NK-65) was found to cause 100 percent 
mortality in white albino mice (Hissar Strain, India). 
Figure 3, shows the mortality curve of P.berghei infected 
mice. 
The extent of parasitemia and duration of 
infection was largely dependent on the initial dose of 
inoculum, the prepatent period remained unchanged but the 
animal survived for longer time. 
In a fully diseased state the animals were 
critically ill with staring hair. The hind legs and less 
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eyes changed to yellow, probably due to jaundice. 
2. Isolation of Parasites 
(a) Removal of Leucocytes 
(i) About 85 percent leucocytes were removed by repeatedly 
washing the infected blood with chilled normal saline 
(Figure 4). 
(ii) Removal of Leucocytes by Passing Whole Blood Through a 
Column of 0^-Cellulose and Microcrystalline Cellulose. 
By this method about 98.5 percent leucocytes and 
85 percent platelets were removed. Only about 10 ml 
samples of acid citrate dextrose treated blood can be 
passed efficiently through a 2 ml column containing equal 
parts of C^'-cellulose and microcrystalline cellulose, 
Percentwise removal of leucocytes was found proportionately 
decreased, if the larger quantities were passed through the 
column (Figure 5). 
(b) Erythrocyte Lysis 
Saponin was used to lyse the erythrocytes. 
Microscopic examination of released parasites after 
removal of erythrocyte debris showed that the harvested 
parasites were considerably free from remnants of the host 
cell. Figure 6 shows the photomicrograph of free 
parasites. 
6'^ 
Figure 5. Removal of leucocytes from blood byc<;-cellulo5e 
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(c) Purification of Parasites. 
The antigen suspension obtained after slow speed 
centrifugation was purified by passing it through density 
gradient centrifugation on Histopaque. The parasites 
formed a brown layer at the interface while the RBC 
contaminants formed the upper most layer. 
No host erythrocyte contaminants were seen when 
Leishman stained smears of isolated parasite preparation 
were observed microscopically. Mostly parasites appeared 
intact. There was no apparent change in the morphology of 
parasites. Figure 6, shows a Leishman stained smear of 
purified preparation. 
3. Preparation of Soluble Antigen 
The RBC free pa;t:asites were further disrupted by 
ultrasonication of the parasite suspension in chilled 
normal saline (Figure 7). The supernatant thus obtained 
after centrifugation was collected and used as soluble 
antigen. 
4. Protein Concentration 
The soluble antigen obtained after 
centrifugation of sonicated parasites contained 3.8 mg/ml 
protein. 
Figure 7. Photomicrograph of P. berghei disrupted 
parasites after sonication (X-1000) 
Gd 
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5. Indirect Haemagglutination Test 
Normal mouse RBC antibodies were detected by IHA 
method. An antibody titre of 1:1280 was detected in sera 
samples obtained from immunized animals at the end of 4th 
week. Only few normal mouse RBC antibodies were detectable 
in the first week. But at the end of 2nd and 3rd week, 
antibody titres were detected as 1:320 and 1:640 
respectively (Table 2). 
The antibody titre value of the anti P. berghei 
serum estimated by IHA test was 1:640. 
6. Purity of Antigen Preparation 
The purity of £. berghei antigen obtained on 
Histopaque did not appear to contain any mouse RBC 
contaminants. This was confirmed immunologically against 
normal mouse RBC antiserum in immunodiffusion and 
counterimmunoelectrophoresis. 
(a) Immunodiffusion 
(i) Figure 8 shows an immunodiffusion plate with normal 
mouse erythrocyte and P. berghei antigen at peripheral 
wells with antinormal mouse erythrocyte serum at the 
centre. A precipitin band was observed between the normal 
mouse erythrocyte and antinormal mouse erythrocyte serum. 
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Table 2 
Antibody Titre in Weekly Sera Samples from Rabbits 
Immunized Against Normal Mouse RBC Antigen. 
, Reciprocal of 
weeKs t-v • • . • m' J-
Precipitin Titres 
1st week 20 
2nd week 320 
3rd week 640 
4th week 1280 
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(ii) Figure 9. shows an immunodiffusion plate with normal 
mouse erythrocyte and P. berghei antigen along with anti £. 
berqhei serum at the centre. The precipitin bands were 
observed between P. berqhei antigen and anti P. berqhei 
serum. 
(b) Counterimmunoelectrophoresis 
Results obtained after counterimmunoelectro-
phoresis were found more or less similar to 
immunodiffusion. 
(i) No precipitin bands were foirned between £. berghei 
antigen and anti-normal mouse serum (Firugre 10). 
(ii) Similarly normal mouse erythrocyte extracts did not 
react with anti P. berqhei serum (Figure 11). 
7. Antigenicity of P. berghei antigen (IFA tests) 
Mice sera obtained from slide positive P. berghei 
infected mice were used for checking the potency of the 
isolated P. berghei schizont antigen. Immune sera samples 
from infected mice, and the slides from isolated P. berghei 
schizont antigen, when allowed to react with FITC 
conjugated anti-mouse IgG, showed greenish fluorescence. 
The serum dilution used was 1:10. Control slides smeard 
with non-immune serum did not show any fluorescence. Figure 
Figure 8. Infimunodiffuslon plate showing precipitin 
bands between antierythrocyte serum and 
normal mouse erythrocyte extract. 
The reaction was performed in 0.8% agarose 
gel in 0.05 M veronal buffer pH 8.6 
ANME : Antl mouse erythocyte serum raised 
in rabbits. 
Pb : P.berghel antigen 
NME : Normal mouse erythrocyte extract. 
cr 
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Figure 9. Immunodiffusion plate showing precipitin 
bands between P.berghei antigen and anti 
P. berghei serum • 
The reaction was performed in 0.8% agarose 
gel in 0.05 M veronal buffer, pH 8.6 
APb : Anti P.berghei serum 
Pb : P. berghei antigen 
NME : Normal mouse erythrocyte extract 
\ 
O-
Figure 10. Counter Immunoelectrophoresis plate showing 
reaction between P. berghei antigen and 
antinormal mouse erythocyte serum 
The reaction was performed in 0.8% agarose 
gel in 0.05 M veronal buffer, pH 8.6. The 
current was 7 mAmp/sllde 
Pb :P.berghei antigen 




Figure 11. Counter Immunoelectrophoresis plate showing 
reaction between normal mouse erythrocyte 
extract and anti P.berghei serum 
The reaction was performed in 0.8% agarose 
gel in 0.05 M veronal buffer, pH 8.6. The 
current was 7 mAmp/slide '• ' :• 
NME : Normal mouse erythrocyte extract 




12jshows a typical IFA test carried out against immune serum 
on acetone fixed films made from isolated P_. berghei 
antigen. 
8. Molecular Weight Determination of P. berghei Antigen by 
Sodium Do.Decyl Polyacrylamide gel Electrophoresis(SDS-
PAGE) 
The SDS-PAGE runs of the soluble extracts showed 
eleven protein bands in the molecular weight range of 
12,000 to 150,000 daltcns. Figure 13, showed the SDS 
Profile of the antigen preparation, marker proteins and 
that of lysed normal mouse RBC. The protein band positions 
of P. berghei and host RBC erythrocyte extract in SDS-PAGE 
showed apparantly absence of host cell contaminants. 
9. Antigenicity of Different Protein Fractions 
Four of the eleven protein fractions of molecular 
weights 25 kd, 31 kd, 75 kd, 92 kd respectively, were found 
highly antigenic against hyperimmune rat serum in iiimuno 
diffusion test by resolving in to single precipitin band. 
(Figure 14). 
Figure 12. Immunofluorescense in indirect fluorescence 
antibody (IFA) tests on an acetone fixed 
blood film of P_. berohei 

Figure 13. Sodium dodecyl polyacrilamide gel 
elecSophoresis showing 
(a) Protein bands isolated from soluble 
. extract of P.berghei 
(b) Marker proteins 




Figure U . Immunodiffusion plate showing precipitins 
band between some fractions isolated on 
SDS-PAGE and hyperimmune serum 
f - AyduLctemc f-^cUon. 
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Rodent malaria provides a good hostparasite system 
for studying malarial Plasmodia under experimental 
conditions. For any immunologic, study on malaria parasite, 
its isolation from the host erythrocyte is necessary. The 
isolation of intracellular parasite from host erythrocyte is 
infact, a formidable task. The major problem encountered in 
this work is usually the removal of leucocytes and host 
contaminants. The method routinely used for the removal of 
leucocytes and buffy coat is by suspending the washed blood 
cells in several volumes of dextran solution or by obtaining 
them as supernatant following sedimentation (Langer et al. , 
1967; Zuckerman et al. , 1967). Sedimentation velocity of 
washed blood cells on dextran (Layer and Chow, 1973) or on 
sucrose density gradient (Williamson and Cover, 1966), or on 
Ficoll hypaque solution of density 1.08 g/ml (Wallach and 
Conley, 1977) are some of the more commonly employed methods 
for obtaining the infected RBC free from leucocytes. These 
procedures are helpful in getting rid of only 75 percent 
leucocytes. We used slow speed centrifugation in which 
about 85 percent of leucocytes were removed. Our results on 
leucocyte removal compare well with previous study of 
Zuckerman et al., 1967. Most efficient method for removal 
of leucocyte is to pass the washed blood through a column 
of paper powder as reported by Homewood and Naeme (1976), or 
through a column packed with equal parts of oC -cellulose and 
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microcrystalline cellulose (Beutler et al., 1976). We were 
able to remove 98,5 percent leucocytes by employing the 
above methods. 
After removal of leucocytes, the next step is 
lysis of parasitized erythrocytes. In fact numerous 
procedures are currently employed for the release of 
parasite from infected erythrocytes. These procedures 
developed for different objectives differ in efficiency when 
evaluated in basic terms such as yield, viability and purity 
with regard to host cell contaminants. The osmotic lysis of 
erythrocytes leaves the parasite in close association with 
erythrocyte ghosts. By this method parasites lyse 
themselves along with erythrocytes. Non-viable parasites 
have been obtained by osmotic lysis (Christopher and Fulton, 
1939). French pressure cell released parasites were 
initially reported as viable (D' Antonio et al., 1966) but 
subsequent studies showed that parasites released through 
this technique were severely damaged and failed to develop 
in vitro (Aikawa and Cook, 1972). Also, these preparations 
were usually found highly contaminated with host erythrocyte 
fragments. The parasites released by employing mechanical 
forces were not completely free from host erythrocyte 
fragment* in the isolation of parasite, saponin lysis of 
P. berqhei infected erythrocytes has provided a useful 
^ . 
method for recovery of intact parasites. The treatment with 
saponin results in 100 percent lysis of red blood cells 
causing the release of free parasites. For the first time 
Christopher and Fulton (1939) used saponin for lysing 
erythrocytes. Jerusalem and Eling (1955) have earlier 
reported that parasite released by saponin lysis were free 
from host cell material. Siddiqui et al. (1978b) found that 
saponin is the most efficient non-ionic detergent for 
haemolysis, as also for removal of proteins and sialic acid 
from red cell membrane. Several other workers, Gabarrine 
(1913) and Pewny (1978) and Coggeshall and Eaton (1938) 
have reported the use of hypotonic acid while Mc-Alister 
(1972) used freezing and thawing. Yet some other workers, 
Verain and Verain (1956), used ultrasound for disruption of 
erythrocytes, in order to release Plasmodia from infected 
red blood cells. 
The released parasites can be further separated 
from erythrocyte contaminant by differential centrifugation, 
enzymatic digestion, free flow electrophoresis and density 
gradient centrifugation. Workers reported that parasite 
cannot be completely separated from erythrocyte fragments by 
using these procedures. In this study, we were able to 
obtain comparatively contaminant free P. berghei parasite 
material by means of Histopaque density gradient centrifuga-
tion and slow speed centrifugation. Purification of 
parasite was further confirmed when Leishman stained smears 
^6. 
of isolated preparation were microscopically observed. 
A very important host cell contaminant is the red 
blood cell material injested by growing parasites. The cell 
material is usually localized within the phagocyte (Diggs, 
1956). Removal of this contaminant has always been a 
formidable task. The antigenic material obtained by 
ultrasonication of parasite (isolated on density gradient 
centrifugation on Histopaque), showed no host cell 
contaminants in immunodiffusion and courter - immuno 
electrophoresis, within the sensitivity limits of the tests 
used for checking such purity. These investigations were 
successful in obtaining the antigen preparation free from 
host erythrocyte contaminants. 
After purification of antigen, its immunological 
behaviour was also checked by employing some serological 
tests such as immunodiffusion, counterimmunoelectrophoresis 
indirect haemagglutination, immunofluorescent tests. 
The isolated antigens and the homologous antisera 
in double immunodiffusion tests on an agarose gel gave 
at least three precipitin bands. Atleast one band out of 
these was quite diffused. This band appeared to be made up 
of more than one precipitin line. Diggs (1966) has carried 
out immunodiffusion studies on P. berghei antigen antibody 
^•f. 
system. He was able detect five precipitin lines in P. 
berghei antigen using rabbit antiserum. When mouse antisera 
were used, Seitz (1975) was able to identify four precipitin 
lines. An apparent disparity in the number of precipitin 
bands can be explained on the basis of inherent differences 
in the nature of antiserum, antigenic preparation and the 
numerous methods employed for extraction. 
In the present study. P. berghei antigen 
preparation was immunologically tested against serum 
obtained from P. berghei infected mice by means of indirect 
haemagglutination test. The results of such testing 
indicate the reactivity of the various antigen preparations 
against immune sera. Such soluble parasite antigen 
preparations will, hopefully, someday prove useful for 
routine immunodiagnostic assays. 
Similarly the fluorescent antibody test has been 
extensively used to study the production and persistance of 
malarial antibodies in man and experimental animals (Collins 
and Skinner, 1972). This test procedure is reproducible and 
as well as reliable for determining the antibody levels, 
which could be indicative of a current or past malarial 
infection. The testing of antigenicity of P. berghei 
antigen against serum obtained from P. berghei infected mice 
^5 
was done by Hamberger and Zuckerman (1S76). A novel antigen 
obtained from asexual blood stages of rodent malaria 
parasite Plasmodium Chabaudi was identified by means of 
indirect immunofluorescent assay (IFA). £. Chabaudi 
hyperimmune serum gave a distinct surface immunofluorescence 
of infected erythrocytes showing early stage parasites 
(Garbriel et al. , 1986). We have also checked the 
antigenicity of £. berghei by employing the IFA tests. 
Fractionation of malaria parasite into their 
components is also sometimes desirable for conducting 
serological, biochemical and immunological studies. In an 
earlier study, Chavin (1966) used several techniques for 
fractionation of soluble plasmodial extracts. He also 
demonstrated the presence of three fractions in ion exchange 
chromatography. But the results obtained were not fully 
satisfactory. D' Antonio et al . (1970^ carried out 
fractionation of £. berghei by gel filtration on a Sephadex 
G-200 column. Fractionation of P. knowlesi antigen was 
carried out by using Sephadex G-200 column (D' Antonio, 
1972) or Biogel A 1.5 (Simpson et al., 1974) but none of the 
above procedures was tound very effective. Although some 
other workers (Mannwiller et al., 1943 ; Hamberger and 
Zuckerman, 1976a, 1976b and Grothaus and Kreier, 1980), who 
used preparative PAGE for fractionation of P. berghei 
^9. 
antigen were not able to fully characterize the parasite 
material. 
Electrophoretic analysis of immunoprecipitated and 
biosynthetically labelled malaria protein was achieved 
through sodiumdodecyl poly acrylamide gel electrophoresis. 
Brown et al.(198l) and Brown et al.{1982) used SDS-PAGE for 
the identification of parasite antigen, which is necessary 
for the induction and expression of host protective 
immunity. SDS-PAGE technique has also been used by Grothaus 
et al. (1984) for characterization of £. berghei antigen. 
They successfully identified some specific components which 
were important for the induction of immunity to infection. 
Similarly, Kumar and Ahmad, 1984 obtained satisfactory 
results by using SDS-PAGE technique for fractionation of P. 
berghei antigen. They observed 10 proteinic components of 
molecular weight between the range of M 7,000 to 1,40,000. 
The antigenic components characterized by them in the 
molecular weight range of 23,000 to 78,000 were found highly 
reactive against P. berghei hyperimmune rat sera. Characteri-
zation of £. knowlesi antigen was done by Khanna et al., 
1987, on polyacrylamidegelelectrophoresis. They obtained 
eleven proteinic components in the molecular weight range of 
M^ 20,000 to 3,00,000 daltons. Wunderich et al., (1987) 
have also characterized P. Chabaudi parasite and its 
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infected host cell ghost by employing this technique, and 
they obtained good results' by using this technique. We have 
also used SDS-PAGE for fractionation of soluble extracts of 
£. berqhei. The P. berghei antigen resolved into eleven 
protein components on a gel slab showing molecular weights 
in the range of M 12,000 to 1,50,000. On checking the 
antigenic activity of isolated fractions against 
hyperimmune rat sera only four fractions showed considerable 
antigenicity in immunodiffusion tests. In laboratories 
where highly sophisticated techniques are not available; 
antigenic analysis (identification of different fractions of 
parasite antigen) can be conveniently carried out by these 
methods. SDS-PAGE chacterize the proteins on molecular 
weight basis and agar gel diffusion methods are better as 
compared to other immuno-logical technique, in visulization 
the antigen-antibody reactions. These techniques have 
advantages in being sensitive and useful to significantly 
advance our understanding of host parasite relationship. 
A comparison of the orotein band positions of P, 
berghei and host erythrocyte extract in SDS-PAGE showed 
complete absence of host cell contaminants. SDS-PAGE can 
also be used to characterize antigen from different 
Plasmodium strains. Antisera against the immunogenic 
proteins can be used for obtaining some idea of the 
biological role by blocking the infection of the host (Brown 
et al., 1981). 
In conclusion, it could be stated that various 
method employed for antigen preparation of P. berghei gave 
correspondingly better results. For example, the packed 
colximn with equal amount of oc -cellulose and 
microcrystalline cellulose, was found helpful in removing 
maximum percentage of leucocytes from infected blood. It 
was also found that Histopaque density gradient can be 
carefully employed for obtaining pure antigen preparation. 
The antigen extracts thus obtained was found immunologically 
active. Similarly usage of SDS-PAGE for fractionation of P. 
berghei antigen gave good resolution. Some of the antigenic 
fractions obtained from gel slab was found immunologically 
active and could be used in future for carrying out further 
vaccination studies. 
B I B L I OC3R<=^F>H Y 
82 
Aikawa, M., Miller, L.H,, Johnson, J. and Rabbege, J. 
• (1978). Erythrocyte entry by malarial parasites: A 
moving junction between erythrocyte and parasite. 
J, Cell. Bio., 77, 72. 
Arnot, D.E., Barnwell, J.W., Tarn, J.P., Nussenzweig, V., 
Nussenzweig, R.S. and Enea, V. (1985). 
Circumsporozoite protein of Plasmodium vivax. Gene 
cloning and characterization of immunodominant 
epitope. Science., 230, 815. 
Beutler, E., Marti, H.R. and Schlecht, I. (1976), The 
removal of leucocytes and platelets from whole 
blood. J. Lab. Clin. Med., 88, 328. 
Bjerrum, C.J. and Bog Hansen C L E . (1976). The 
immunochemical approach to the characterization of 
membrane proteins. Biochem. Biophys. Acta., 4 55, 
66. 
Boyd, M.F., ed. (1949). "Malariology" Saunders, 
Philadelphia Pennsylvania. 
Breasted, J.H.(1930). "The Edwin Smith Surgical Papyrus". 
Uni. of Chicago Press, Chicago, Illinois. 
Brown, I.N., Brown, K.N. and Hills, L.A. (1966). The separa-
tion of Plasmodium knowlesi from host cells. Trans. 
R. Soc. Trop. Med. Hyg., 60, 3. 
85. 
Brown, G.V., Anders, R.F., Stace, J.D., Alpers , M.P. and 
Mitchell, G.F. (1981). Immunoprecipitation of 
biosynthetically - labelled proteins from different 
Papua New Guinea Plasmodium falciparum isolated by 
sera from individuals in endemic area. Parasite 
Immunol., 3, 283. 
Brown, G.V., Anders, R.F., Mitchell, G.F. and Heywood, P.F. 
(1982). Target antigens of purified human 
immunoglobulin which inhibit growth of P. falciparum 
in vitro. Nature, 297, 591. 
Bruce-Chwatt, L.J. (1986). Recent trends of chemotherapy 
and vaccination against malaria; new lamps for old. 
Br. Med. J., 1, 809. 
Bruno, D., Beaumelle, B.D., Vial, H.J. and Philippot, J.R. 
(1987). Reevaluation, using marker enzymes^of the 
ability of saponin and ammonium chloride to free 
Plasmodium from infected erythrocytes. J. 
Parasitol., 73 (4), 743. 
Burton, R.F. (1856). "First Foot Steps in East Africa" 
Longmans, Green, New York. 
Butcher, G.A., Mitchell, G.H. and Cohen,S. (1973). 
Mechanisms of host specificity in malarial 
infections. Nature, 244, 40. 
8H. 
Carter, R. and Diggs, C.L. (1977). Plasmodia of rodents, In 
"Parasitic Protozoa", Vol. Ill, Kreier, J.P. Ed. 
Academic Press, New York, pp. 359-465. 
Chavin, S.I. (1966). Studies on the antigenic constituents 
of Plasmodium berghei. I. Immunologic analysis of 
the parasite constituents. II. Fractionation of the 
parasite constituents. Mil. Med., 13, (Suppl.), 
1124. 
Chow, J.S. and Kreier, J.P. (1972). Plasmodium berghei; 
Adherence and phagocytosis by rat macrophages in 
vitro. Exp. Parasitol., 31, 13. 
Christophers, S.R. and Fulton, J.D. (1939). Experiments 
with isolated malaria parasites (Plasmodium 
knowlesi) free from red cells. Ann. Trop. Med. 
Parasitol., 33, 161. 
Coatney, G.R., Collins, W.E., and Contacos, P.G. (1971). 
"The Primate Malaria." US Deptt. of Healthy 
Education and Welfare, Bethesda, Maryland. 
Cochrane, A.H., Nussenzweig, R.S. and Nardin, E.H. (1980). 
Immunization against sporozoites. In: Malaria in 
Man and experimental animals (Kreier, J.P., Ed.) 
Vol. Ill, pp. 163,.202, Academic Press, New York. 
86 
Coggeshall, L.T., and Eaton, M.D. (1938). The complement 
fixation reaction in monkey malaria. J. Exp. Med., 
67, 871. 
Cohen, S. (1985). Progress towards a malaria vaccine. J. 
of the Royal College of physicians of London, 19 
(4), 210. 
Coleman, M.B., Steinberg, M.H., Oelshlegel, F.J., Larson, 
A.D. and Hart, L.T. (1979). Isolation of Plasmodium 
berghei by hemolysin lysis of infected erythrocytes 
and evidence for parasite hexokinase, J. Parasitol., 
65, 222. 
Collins, W.E. and Skinner, J.C. (1972). The indirect 
fluorescent antibody test for malaria. Am. J. Trop. 
Med. Hyg. 2 (5), 690. 
Cook, R.T., Rock, R.C., Aikawa, M. and Fournier, M.J. 
(1971). Ribosomes of the malarial parasite, 
Plasmodium knowlesi. I. Isolation, activity and 
Sedimentation velocity. Comp. Biochem. Physiol. B. 
39, 897. 
Corradetti, A., Verolini, F., Ilardi, A., and Bucci, A. 
(1966). Immunoelectrophoretic analysis of water 
soluble antigens extracted from parasitic bodies of 
Plasmodium berghei separated from the blood. Bull. 
W.H.O., 35, 802. 
96 
Dame, J.B., Williams, J.L., Mc Cutchan, T.F., VJeber, J.L., 
Wirth, R.A., Hockmeyer, W.T., Maloy, W.L., Haynes, 
J.D., Schneider, I., Robert, D., Sanders, G.S,, 
Reddy, E.P., Diggs, C.L. and Miller, L.H. (1984). 
Structure of the gene encoding the immunodominant 
surface antigen on the sporozoite of the human 
malaria parasite Plasmodium falciparum. Science., 
225, 593. 
D'Antonio, L.E., Von Doenhoff, A.E., Jr. and Fife, E.H., 
Jr. (1966a). Serological evaluation of the 
specificity and sensitivity of purified malaria 
antigens prepared by a new method. Milit. Med., 131, 
(Suppl.,) 1152. 
D'Antonio, L.E., Von Doenhoff, A.E., Jr. and Fife, E.H., 
Jr. (1966b). A new method for isolation and 
fractionation of complement fixing antigens from 
Plasmodium knowlesi. Proc. Soc. Exp. Biol. Med. 
123, 30. 
D'Antonio, L.E. (1972). Plasmodium : A resume of the 
Isolation of a vaccine fraction by the French 
pressure cell technique. Exp. Parasitol. 31,75. 
David, P.H., Hudson, D.E,, Hadley, T.J., Klotz, W. and 
Miller, L.H. (1985). Immunization of monkeys with a 
8? 
140 Kd on merozoite surface protein of P. knowlesi 
malaria : Appearance of alternate forms of this 
protein. J. Immunol., 134 (6), 4146. 
Deans, J.A,, Dennis, E.D. and Cohen, E. (1978). Antigenic 
analysis of sequential erythrocytic stages of 
Plasmodium knowlesi. Parasitology, 77, 333. 
Dean, J.A., Thomas, A.W., Alderson, T. and Cohen, S.(1984). 
Biosynthesis of a putative protective Plasmodium 
knowlesi merozoite antigen. Mol. Biochem, 
Parasitol., 11, 189. 
Diggs, C.L. (1966). Immunodiffusion studies of Plasmodium 
berqhei : Interactions of an extract of the 
erythrocytic forms with rabbit antisera. Exp. 
Parasitol., 19, 237. 
Dulaney, A.D. and Stratman-Thomas W.K. (1940). Complement 
fixation in human malaria. I. Results obtained with 
various antigens. Immunology., 39, 247, 
Dunn, F.L. (1965). On the antiquity of malaria in the 
Western Hemisphere. Hum. Biol., 37^ 385. 
Eisen, H. (1977). Purification of intracellular forms of 
Plasmodium chabaudi and their interactions with the 
erythrocyte membrane and with serum albumin Bull^ 
W.H.O., 55, 333. 
85. 
Fairley, N.H. (1945). Chemotherapeutic suppression and 
prophylaxis in malaria. Trans. R. Soc. Trop. Med. 
Hyg., 38, 311. 
Fleming, A. (1926). A simple method of removing leucocytes 
from blood. Br. J. Exp. Pathol. j 7. 281. 
Folin, D. and Ciocalteu, V. ( 1927 ). On tyrosine and 
tryptophan determinations in proteins. J. Biol. 
Chem./ 73, 627, 
Friedman, M.J,, Eugene^ F.R,, Ronald, L.N. and William, T. 
(1979). P. falciparum; Physical interaction with 
human cell. Exp. Parasitol., 47(1), 73. 
Gabriel; J.A,, Holmquist, G., Perlman , H., BerzinSy K., 
Wigzell , H. and Perlman, P. (1986), Identification 
of a Plasmodium Chabaudi antigen present in the 
membrane of ring stage infected erythrocytes. Mol. 
Biochem., Parasitol,, 20, 67. 
Gabrielsen, A.A. Jr., Jensen, J.B. and Boland^ M.T. (1983). 
Identification and partial characterization of exoan-
tigens derived from medium used to culture P. 
falciparum^Am. J. Trop. Med. Hyg., 32, 6 71, 
Garnham, P.CC. (1966). 'Malaria Parasites and Other 
Hemosporidia. • Blackwell, Oxford Cited in Walther, 
H. Wernsdorfer (1980). Importance of malaria in 
§9 
world, in •Malaria* , Vol.1, ed. Kreier, J.P. 
Academic Press, New York, London. 
Garnham, P.C.C. (1970). The role of spleen in protozoal 
infections with special reference to splenectomy. 
Acta; Trop., 27 y 1. 
Gerhardt, G. (1884). Uber Intermittensimpfungen Z. Klin. 
Med., 7, 372. 
Goldie, P., Steward, M.J., Schulman, S,, Vanderberg, J. P. 
(1987). Dextran density gradient purification of 
sporozoite. J. Parasitol., 73 (6), 1261, 
Grothaus, G.D. and Kreier, J.P. (1980). Isolation of a 
soluble component of Plasmodium berghei which 
induces immunity in rats. Infect, Immun., 28, 245. 
Grothaus, G.D., Packer, B.J., Castilla, M.M., Muller, M.T. 
and Kreier, J.P. (1984) % Plasmodium berghei* 
Characterization of antigens and their role in 
inducing immunity to infection. J. Parasit., 70 (6), 
849, 
Gupta, CM. (1988). Red cell membrane alterations in 
malaria. Indian J. Biochem, Biophys., 25, 20. 
Gwadz, R.W. and Green, I. (1978). Malaria immunization in 
rhesus monkeys: A vaccine effective against both 
w. 
the sexual and asexual stages of Plasmodium 
knowlesi. J. Exp. Med., 148, 1311. 
Hamberger, J. and Kreier, J.P. (1976). Plasmodium berghei; 
Use of free blood stage parasites to demonstrate 
protective humoral activity in the serum of 
recovered rats. Exp. Parsitol, 40, 158. 
Hamberger, J. and Zuckerman, A. (1976). Plasmodium 
berghei : II. Immunobiological properties of 
fractions of soluble extract. Exp. Parasitol., 39, 
479. 
Hamgerger, J. and Kreier, J.P. (1980). The isolation of 
malaria parasites and their constituents. In : 
Malaria, Vol. 3, Immunology and Immunization 
(Kreier, J.P. ed. ) pp. 1 - 65. Academic press. 
New York, 3, 1 - 65. 
Heidrich, H.G., Russman, L., Bayer, B., and Tung, A. 
(1979). Free flow electrophoresis for the 
separation of malaria infected and uninfected mouse 
erythrocyte and for the isolation of free parasites 
(Plasmodium vinkei) : A new rapid technique for the 
liberation of malaria parasites from host cells. Z. 
Parasitenkd., 58, 151. 
Heidrich, H.G., Mremea,J.E.K., Jagt, D.L.V., Reyes, P. and 
Reickmann, K.H. (1982). Isolation of intracellular 
91 
parasite (Plasmodium falciparum) from culture using 
free-flow electrophoresis : Separation of the free 
parasite according to stages. J. Parasitol., 68,443. 
Heidrich, H.G. (1986). Plasmodium falciparum antigens as 
target molecules for a protective immunization 
against malaria : an up-tp-date review. Z. 
Parasitenkd., 12, 1, 
Harrington, D.A., Clyde, D.F., Losonsky, G., Cortesia, M., 
Murphy, J. R., Davis, J., Baqar, S., Felix, A.M., 
Heimer, E.P., Gillessen, D., Nardin, E., 
Nussenzweig, R.S., Nussenzweig, V., Hollingdale, 
M.R. and Levine, M.M. (1987). Safety and 
immunogenicity in man of a synthetic peptide malaria 
vaccine against Plasmodium falciparum sporozoites. 
Nature, 328, 257. 
Homewood, C.A., and Neame, K.D. (1976). A comparison of 
methods used for the removal of white cells from 
malaria-infected blood. Ann. Trop. Med. Parasitol., 
70, 249. 
Jerusalem, C. and Eling, W. (1969). Active immunization 
against Plasmodium berghei malaria in mice using 
different preparations of plasmodial antigens and 
different pathways of administration. Bull. W.H.O., 
40, 807. 
92. 
Jerusalem, G.C., Weiss, M.L. and Poels, L. (1971). Immuno-
logical enhancement in malaria infection (Plasmodium 
berghei). J. Immunol., 107, 260. 
Khan, H.M., Obaid, K.A., Bhatia, R. and Ahmad, S. (1985). 
In vitro sensitivity of Plasmodium falciparum to 
three antimalarials. Indian. J. Med. Microbiol., 
3 : 69. 
Khanna, R., Khan, H.M., Obaid, K.A. and Ahmad, S. (1987). 
Antigenic analysis of soluble extract of Plasmodium 
knowlesi using SDS-PAGE. Indian, J. Med. 
Microbiol., 5, 165. 
King, A.F.A. (1883). Insects and disease-Mosquitoes and 
malaria. Pop. Sci. Mon., 23, 644. 
Kreier, J.P., Hamberger, J., Seed, T.M., Saul, K. and 
Green, T. (1976). Plasmodium berghei : Character-
istic of a selected population of small free blood 
stages parasite. Z. Tropenmed. Parasitol., 27, 82. 
Kumar, P. and Ahmad, S. (1983). Isolation of Plasmodi urn 
berghei by density gradient centrifugation on 
Histopaque. Indian J. Malariol.» 20, 125. 
Kumar, P. and Ahmad, S. (1984). Antigen analysis of 
soluble extract of Plasmodium berghei using sodium 
dodecyl sulphate polyacrylamide gel electrophoresis. 
Indian J. Med. Res., 79, 344. 
93 
Laemmli, U.K. (1970). Cleavage of structural proteins 
during the assembly of the head of bacteriophage T^, 
Nature., 227, 680. 
Langer, B.W., Phisphumvidhi, P. and Friedlander, Y. (1967). 
Malaria parasite metabolism: The pentose cycle in 
Plasmodium berghei. Exp. Parasitol., 20, 68, 
Laveran, A. (1884). "Traite des fievres palustres". Doin, 
Paris. 
Levy, M.R. and Chow, S.C. (1973). Activity and some 
properties of an acid proteinase from normal and 
Plasmodium berghei infected red cell. J. Parasitol., 
59, 1064. 
Lise, D., Dubeaux, C , Tello, D., Dominique, and Chedid, L. 
(1988). Construction of immunogens for synthetic 
malaria vaccines. Biochem. Biophys. Res. Comm., 
153 (1), 31. 
Lowry, D.H., Rosenbrough, N.J., Farr, A.L. and Randall, R. 
J. (1951). Protein measurements with Folinphenol 
reagent. J. Biochem., 193, 265. 
Lyon, J.A., Haynes, J.D., Diggs, C.L., Chulay, J.D., 
Haidaris, C.G. and Rossiter, J.R. (1987). 
Monoclonal antibody characterization of 195 Kd major 
surface glycoprotein of Plasmodium falciparum 
malaria schizonts and merozoites : Identification of 
94. 
additional processed products and a serotyperest-
ricted repetitive epitope. J. Immunol,, 138, 895. 
MacCallum, W.G. (1897). On the flagellated form of the 
malarial parasite. Lancet., 2, 1240. 
Manson, P. (1894). On the nature and significance of the 
crescentric and flagellated bodies in malarial 
blood . Br. Med. J., 2, 1306. 
Manson, S.L., Miller, L.H.^ Shiroshi, T., Dvorak^ J.A. and 
Mc-GinniS| M.H. (1977). The Duffy blood group 
determinations; their role in the susceptibility of 
human and animal erythrocytes to Plasmodium K nowlesi 
malaria. Br. J. Haematol., 37, 327. 
Mannweiler^ E , and Oelerich, S, (1969). Unter such 
ungen: ij.t>er die antigenen eigenschaf ton von 
Plasmodium berghei Z. Tropenmed. Parasitol.,20,265 . 
Marchiafara,- E. and Celli, A. (1884). Sulle alterazioni 
dei globuli rossi nella infezione da malaria e sulla 
genesi della melanemia. Arch^ Clin. Ital,, 14,265. 
Martin, WJ., Finerty, J^ and Rosenthal, A. (1971). 
Isolation of Plasmodium berghei (malaria ) parasites 
by ammonium chloride lysis of infected erythrocytes . 
Nature (London)., 233^ 260. 
9S 
Mathews, H.M., Fried, J. A. and Kagan, I.G. (1975). The 
indirect haemagglutination test for malaria. 
Evaluation of antigens prepared from £. falciparum 
and P. vivax .Am. J. Trop . Med . Hyg., 24 / 412. 
Mayer, M,M, and Heidelberger^ M, (1946). Studies in human 
malaria. V. complement fixation reactions. J. 
Immunol., 54, 89. 
McAlister, R.O. and Gordon, D.M, (1977). Studies on the 
invasive ability of malarial merozoites (Plasmodium 
berghei). J. Parasitol., 63^ 448. 
Mc-Ewen, C.R., Juhos, E.T., Stallard, R.W., Schnell, J.V., 
Siddiqui W.A ,, and Geiman ^ Q»M. (1971). 
Centrifugal elutriation for the removal of 
leucocytes from malaria-infected monkey blood. J. 
Parasitol., 57 (4), 887. 
Meckel^ H. ( 1847). ilber Cchwarzer Pigment inder Milz und 
/ 
in Blute einer Giesteskranken , Z , Psychiatr , 4, 198, 
Mendis, K.N. and Targett, G.A.T. (1979). Immunization 
against gametes and asexual erythrocytic stages of 
rodent malaria parasite. Nature (London)., 277, 
389. 
Mitchell, G.H., Butcher, G.A. and Cohen, S. (1975). 
Merozoite vaccination against Plasmodium knowlesi 
malaria. Immunology., 29, 397. 
96 
Nakao, M. , Nakayama, T, and Kankura, T, (1973). A new 
method for separation of human blood components 
Nature. 246, 94. 
Nussenzweig, V. and Nussenzweig, R.S. (1983). The nature 
of the immunodominant epitope of the circumsporo-
zoite protein of £. knowlesi. Progress in 
Immunology. 1317-1322, (Proceedings of the fifth 
International Congress of Immunology, Kyota, Japan). 
Academic Press, Tokyo. 
Nussenzweig, V. and Nussenzweig, R.S. (1984). Recent 
advances in the development of a sporozoite vaccine 
for malaria. In : Bell, R., Torrigiani, G. eds. New 
approaches to vaccine development. Basle : Schwabe; 
403. 
Ouchterlony, O. (1949). Antigen-antibody reactions in 
gels. Acta, Pathol/ Microbiol* Scand, 26, 507. 
Perlman, P. (1987). Are they approaching reality. Nature^ 
328, 205. 
Perlman, P., Berzins, K., Perlman, H., Troyer, M., 
Wahlaren, M, , Wanlu, R. (1988). Malaria vaccine : 
Immunogen selection and epitope mapping. Vaccine., 
6 (2), 83. 
Pewny, W. (1978). Prazipitinversuche bei Malaria. Wien, 
Klin. Wochenschr, 31, 205. 
9? 
Pfeiffer, R. (1892). "Beitrage zue Protozoen-Forschung. I. 
Die Coccidien-krankheit bei kauinchen". Hirschwald, 
Berlin. 
Prior, R.B. and Kreier, J.P. (1972a). Isolation of 
Plasmodium berghei by use of a continuous flow 
ultrasonic system. Exp. Parasitol., 32, 239. 
Prior, R.B., and Kreier, J.P. (1972b). Plasmodium berghei 
freed from host erythrocytes by a continuous-flow 
ultrasonic system. Exp, Parasitol./ 32, 239. 
Prior, R.B., and Kreier, J.P. (1977). The effects of 
ultrasound on erythrocytes of chickens with 
Plasmodium gallinaceum infection, Ohio, J. Sci., 77, 
91. 
Prior, R.B., Smucker, R.A., Kreier, J.P. and pfister, R.M, 
(1973). A comparison by electron microscopy of 
Plasmodium berghei freed by ammonium chloride lysis 
to £. berghei freed by ultrasound in a continuous 
flow system. J, Parasitol., 59, 200. 
Romanowsky, D.L. (1891). Zur Frage uber der Parasitologie 
und Therapie der Malaria. St. Petersb. Med. 
Wochenschr. 16^ 297. 
Russmann, L., Jung, A. and Heidrich, H.G. (1982). The use 
of £ercoll £radients, elutriator rotor elution, and 
methramycin staining for the isolation and 
98. 
identification of intraerythrocytic stages of 
Plasmodium berqhei, Z. Parasitenkd. 66, 273. 
Santiyanont, R., Willairat, P. (1983). Identification and 
localization of antigens of the malaria parasite, 
p. falciparum by immune precipitation, Biochem. 
Internatioinal, 7, 671. 
Schmidt-Ullrich, R., Lightholder, J. and Monroe, M.T.M. 
(1983). Protective £. knowlesi M 74,000 antigen in 
membrane of schizont infected erythrocytes. J. Exp. 
Med., 158, 146. 
Scott, H.M. (1939). "A History of Tropical Medicine". 
Arnold, London. 
Seitz, H.M. (1975). Counter-current Immunoelectrophoresis 
for demonstration of malarial antibodies and 
antigens in the sera of rats and mice. Trans. R. 
Soc. Trop. Med. Hyg., 69, 88. 
Sharma, S. and Godson, G.N. (1985). Expression of the 
major surface antigen of £. knowlesi sporozoites in 
yeast. Science., 228, 879. 
Sharma, S., Gwadz, R.W., Schlesinger, D.H. and Godson, G.N. 
(1986). Immunogenicity of the repetitive and 
non-repetitive peptides regions of the diverged CS 
protein' of Plasmodium knowlesi. J. Immunol., 137 
(1), 357. 
99. 
Sherman, I.W. (1964). Antigens of Plasmodium lophurae. J. 
Protozool., 11, 409. 
Sherman, I.W., Cox. R.A., Higginson, B., Mclaren, D.J. and 
Willimson. J. (1975). The ribosomes of the simian 
malaria parasite Plasmodium knowlesi. I. Isolation 
and characterization. J. Protozool. 22, 568. 
Siddiqui, W.A., Kramer, K., and Richmond-Crum, S.M.(1978a). 
In vitro cultivation and partial purification of 
Plasmodium falciparum antigen suitable for 
vaccination. Studies in Aotus monkeys. J. 
Parasitol., 64, 168. 
Siddiqui, W.A., Kan, S.C., Kramer, K. and Richmond-Crum, 
S.M. (1978b). Tn vitro production and partial 
purification of Plasmodium falciparum antigen". 
NMRI/USAID/WHO workshop on the immunology of 
malaria. NMRI, Bethesda, Maryland, Bull, W.H.O., 57 
(Suppl.l), 75 (1979). 
Sinden, R.E. (1975). The sporogonic cycle of Plasmodium 
yoelli nigeriensis : A Scanning electron microscope 
study. Protislogica, 11, 31. 
Singer, I., Hadfield, R. and Lakonen, M. (1955). The 
influence of age on the intensity of infection with 
Plasmodium berqhei in the rat. J. Infect. Dis. 97, 
15. 
4.D0. 
Singh, N., Haider, S., Kaushal, D.C., Puri, S.K. and Dutta 
G.P. (1986). Antigenic analysis of Plasmodium 
knowlesi by electrophoretic techniques. Indian J. 
Parasitol. 10(2), 115. 
Sodeman, W.A., Jr. and Meuwissen, J.H.E.T. (1966). Disc 
electrophoresis of Plasmodium berghei. J. Parasitol 
52, 23. 
Speer, C.A,, Rosales-Ronquillo, M.C. and Silverman, P.H. 
(1975). Motility of Plasmodium berghei. Ookinetes 
in vitro. J. Invertrbr. Pathol., 25, 73. 
Spira, D. and Zuckerman, A. (1962). Antigenic structure of 
Plasmodium vinckei. Science.137, 536. 
Stein, B. and Desowitz, R.S. (1964). The measurements of 
antibody in human malaria by a formalized tanned 
sheep cell haemagglutination test. Bull W.H.O. 30, 
45. 
Sulzer, A.J., Cantella, R., Colichon, A., Gleason, N.N. and 
Walls, K.W. (1975). A focus of hyperendemic P. 
malariae, £. Vivax with no. P. falciparum in 
primitive population in the Peruvian Amazonian 
jungle : studies by means of immunofluorescence and 
blood smears. Bull. W.H.O., 52, 273. 
iOl. 
Taylor, D.W. and Siddiqui, W.A. (1982). Recent advances in 
malaria immunity. Ann. Rev. Med., 33, 69. 
Todorovic, R., Ristic, M. and Ferris, D. (1968c). Soluble 
antigens of Plasmodium gallinaceum. Trans. R. Soc. 
Trop. Med. Hyg., 62, 51. 
Trager, W. (1950). Studies on the extracellular 
cultivation of an intracelluler parasite (avian 
malaria). I. Development of the organism in 
erythrocytic extracts and the favoring effect of 
adenosine triphosphate. J. Exp. Med., 92, 349. 
Trager, W. and Jensen, J.B. (1976). Human malaria parasites 
in continuous culture. Science., 193, 673. 
Trigg, P.I., Shakespeare, P.G., Burt, S.J. and Kyd, S.I. 
(1975). Ribonucleic acid synthesis in Plasmodium 
knowlesi maintained both in' vivo and in vitro. 
Parasitology., 71, 199. 
Van Dyke, K., Trush, M.A., Wilson, M.E. and Stealey, P.K. 
(1977). Isolation and analysis of nucleotides from 
erythrocyte-free malaria parasities (Plasmodium 
berghei) and potential relevance to malaria 
chemotherapy. Bull. (Wld. Hellh. Org.), 55, 25 3. 
dO£ 
Verain, A. and Verain, A. (1956). Influence de ultrason sur 
Plasmodium berghei. C.R. Seances Soc. Biol.Ses. Fil. 
150, 1189. 
Vezza, A.C. and Trager, W. (1981). Preliminary 
characterization of the major RNA species from 
Plasmodium falciparum. Mol. Biochem. Parasitol., 
4, 149. 
Vincke, I.H. and Lips, M, (1949). Un nounveiu Plasmodium 
d'un rongeur sauvage due Congo, Plasmodium berghei. 
n.sp. Ann. Soc. Beige Med. Trop., 28, 97. 
Wallach, D.F.H. and Conley, M. (1977). Altered membrane 
proteins of monkey erythrocytes infected with simian 
malaria. J. Mol. Med., 2, 119. 
Wellde, B.T. and Sadun, E.H. (1967). Resistance produced in 
rats and mice by exposure to irradiated Plasmodium 
berghei. Exp. Parasitol., 21, 310. 
Wellde, B.T., Diggs, C.L. and Anderson, S. 
(1979). Immunization of Actus trivirgatus against 
Plasmodium falciparum with irradiated blood forms. 
Bull. W.H.O., 57, 153. 
dOS. 
Williamson, J. and Cover, B. (1966). Separation of 
blood cell free Trypanosomes and malaria parasites 
on a sucrose gradient. Trans. R. Soc. Trop. Med. 
Hyg., 60, 425. 
World Health Organization (1985). Report on the joint 
meeting on the advanced development of malaria 
vaccine, Geneva, February, 1985. 
Worth Health Organization Memorandum (1974). Seventeenth 
Report. Technical Report Series No. 640, WHO, 
Geneva. 
Wunderlich, F., Helwig, M. , Schillinger, G., Vial, H., 
Philippot, J. and Speth, V. (1987). Isolation and 
characterization of parasites and host cell ghosts 
from erythrocytes infected with Plasmodium chabaudi. 
Mol. and Biochem. Parasitol., 23, 103. 
Young, J.F., Hocknayer, W.T. and Gros, M. (1985). 
Expression of P. falciparum circumsporozoite 
proteins in E. Coli for potential use in a human 
malaria vaccine. Science., 228, 958. 
Zuckerman, A., Spira. D. and Bamberger, J. (1967). A 
procedure for the harvesting of mammalian plasmodia, 
Bull. W.H.O. 37, 431. 
